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Illustrated. $10.00. Doubleday, Doran and Com 
pany. 
The volumes are designed to give the intelligent 


layman an understanding of the science of life. In 
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MATHEMATICS AND SPECULATION 


By Professor 


CALIFORNIA INSTITUTE OF TECH 


science 


advancement of 
strikingly apparent 


Tue rapid 
is nowhere more 
han in the numerous excellently con- 
rived accounts of current science pre- 
pared for the scientific layman by pro- 
ssional scientists and by those who 
believe they understand what scientists 
are talking about in their ingenious theo- 
ries. A reasonably critical mind, con- 
templating these brilliant expositions of 
fact or fascinating speculation on the 
apparent state, purpose and destiny of 
man and the universe, may 
slightly confused by the subtly conflict- 
ing testimony of so many witnesses to 
the truth, but this is only a minor blem- 
ish on an otherwise encouraging picture 


become 


of progress and universal enlightenment. 
The downright skeptic, looking for a 
light in his darkness, who closes more 
than one of these books or articles with 
the ejaculation, ‘‘God help the layman!’’ 
may be forgiven, for that help and no 
other is precisely what some authors 
abandon their readers with in their con- 
cluding chapters. And the reasonably 
critical mind will neither affirm nor 
deny, but continue to seek answers to 
such of its questions as seem to make 
sense, 

Science has at last become articulate, 
not to say garrulous. Mathematies is 
not classed by some with the sciences, but 
this is of no importance here. What 
does matter is the fact that mathematics 


E. T. BELL 


NOLOGY, PASADENA, CALIFORNIA 


can not descend to untechnical language 
Non-Euclid- 


ean geometry, with all of its deep impli- 


so readily as the sciences. 


cations for metaphysics no less than for 
physies, began to pass into the common 
stock of knowledge only with the popu- 
larity of Einstein’s general relativity, 
long after it had been a commonplace to 
Modern 


now, is only beginning to influence the 


the geometers. algebra, even 
speculations of physical science, and the 
theory of algebraic numbers and ideals, 
of no less philosophic interest than non- 
Euclidean geometry, is still all but un- 
known outside a narrow circle of arith- 
meticians. 
Through its 
mathematics has been heard to a slig 
extent, it is true, but 
The contribution 
mathematics might make to the present 
wide-spread appreciation of science has 
not been made. The confident user of 
“‘mathematics as a tool’’ is but seldom, 


scientific applications, 


only indirectly. 


significant which 


if ever, troubled by doubts concerning 
the sharp implement in his hands, and 
few suspect that it can cut both ways. 
The more credulous seem to be unaware 
that neither the hand- 
maiden of servant of 
theology, but 


mathematics is 
science nor the 
sciences, 


queen of the 


whose subjects must learn to distinguish 


between eredible proof and plausibility, 
or perish. 
Most reputable physicists, I presume, 
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would believe that they agree with Dirae 
that (his italics) ‘‘the only object of 
theoretical physi s is to calculate results 
that can be compare d with €L pe riment 
even when some of them proceed to ap- 
ply theoretical physics to speculations 
whose very nature precludes comparison 
with experiment. A similar remark ap- 
plies to any science speculating outside 
its own specialty. The speculations as a 
rule are of but slight interest to special- 
ists, and only the layman, who cares little 
for the dry technicalities of science, is 
taken in. 

We are all laymen and largely igno- 
ramuses outside our own narrow special- 
ties. In particular, the mathematician 
looking at physics is merely a layman, 
and the theoretical physicist using 
mathematies is in general a mathematical 
layman. When a scientist wants any- 
thing at all from a mathematician it is 
usually help with some unimportant 
technical difficulty, like solving differ- 
ential equations or evaluating definite 
integrals. Seldom if ever is a mathe- 
matician invited to examine the hypoth- 
eses which produced the equations or the 
integrals. If by chance he should eatch 
a glimpse of the assumptions—often 
quite shocking to a cautious mind—be- 
neath the mathematics and offer any re- 
marks, he may be advised, in the words 
of a typical Cambridge tutor, to cut the 
eackle and come to the differential equa- 
tions. 

Now, the scientist’s cackle is precisely 
what interests the mathematician as a 
scientific layman, for the differential 
equations are either too easy or com- 
pletely beyond his powers—usually the 
latter if the scientist himself can’t 
handle them. And the complete layman, 
who is neither mathematician nor scien- 
tist, cares nothing for differential equa- 
tions, never having seen one in the flesh. 
Mach’s ‘‘ Principles of Mechanies,’’ with 
its few unobtrusive equations that can 
be skipped without losing a step, if one 
is reading chiefly for entertainment, is a 


much chattier and humaner 
Lamb’s ‘*‘ Higher Mechanics, 
there is hardly an audible ¢: 
preface to finis. Which will tl 
layman prefer? LEach bo 
proper niche in a liberal edu 
mechanics. But a moderate] 
derstanding of one—I 
which—is unlikely without 
mastery of the other or its equiva 
less old-fashioned instance is of 
Eddineton’s two books on relat 
lis] 
peoples are concerned, ‘‘ Space, ' 
Gravitation,’’ and the ‘‘ Math: 
Theory of Relativity.’’ Here, 


; ae ' 4 
the division is less sharp, as cert 


ready classie so far as En; 


sages in the two books seem 
skipped from one book to the 
their shuffle through space time 

Only when the mathematical 
and the scientific layman meet 
common grounds of speculation 
pothesis, does either believe in |} 
that he ean show the other anythir 


which he is not utterly incompet 


deal. On these debatable crow 
last word belongs as a rule to 

vociferous and the most eredulo 
the interested bystander, who is 


a mathematician nor a scientist 


away convinced that he has he 
least an echo of the eternal 


whereas he has only been richly 


dled by a loud noise. What the 


tive professionals suspect of bein 


hypothesis, rank conjecture or | 
aspiration, although occasionally 
simple enough to deceive hims: 


gloss his suspicions for the benefit 


complete layman, passes for estab! 


fact in the uncritical mind whic! 
gers to be convinced of somet! 
matter what. 

I do not mean for a moment to 


that scientists are more addicted 


mathematicians to speculation. Pa 


4 


for passage, the wildest speculatio 
the scientists outside their own fiel: 
be matched by the like from mat! 


Bi 


1 
} 
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« who have endeavored to tell of it is that even the wil 
natical laymen what mathematics may be right for a 
what it is all about. Less than six mathematician knows 


eo | came across, in a serious answer to the more bev 
mathematical publication, spon- sions of the prophets is t 
by a reputable mathematical asso- gan’s suggestion, an 
this remarkable utterance, tormentors express al 
thematies is the handmaiden of The- as cube roots of quater 
To some mathematicians at avoid the pitfalls of the ex 
such pronouncements are improper and so attain the necessar 
listasteful. ern mathematical rig 


effect of speculations on those 2. The signal ‘ontributior 
shy of the meager facts beneath mathematics might make to the e 
alluring speculations is illustrated widening dissemination of scientific id 
eighteenth-century story of the 1s a sharpening of the 


t} tical faculti 
thematician Euler and the philoso- and a deepening of intuitive insight 


r Diderot. Most mathematicians This could be accomplished, at least 


ibtless know it: but as some may be part, by making accessible to those 


M 
ymiliar with De Morgan’s corollary 


are not professional mathematicians t 
hich he added only to the second ver- profound disturbances of this gener: 


in his ‘‘Budget of Paradoxes,’’ tion and the one just past which hav 


1872, p. 474), 1 give it in abridged form. shaken to its very 


foundations the « 
; tire vast fabric of modern mathematics 

liderot paid a visit to Russia at the invita wise i : ; en , 
f Catherine the Second. At the time he lhe fundamental concepts involved, a 


a 
in atheist, or at least talked atheism: it By a singularly bi 
1 be easy to prove him either one thing or this outrageo is demand 
her from his writings. ... A plot was surpassed and then 

written, Proca . 
ent mathematician had an algebraic proof Radiur 7). 1. No. 


» existence of God, which he would com terprets the psi functi 


trived. The scorner was informed that an 


ate to the whole Court, if agreeable. quadri quaternion, wl 
rot gladly consented .. (Euler) came to hypercomplex probabili 


with the gravest air, and in a tone of 
conviction said, ‘‘ Monsieur! (a+b 
x; done Dieu existe; répondez!’’ Diderot 


dimensional space-tin 


‘quaternions of 4q 


lil 


linear associative algebr 
m algebra was Hebrew... , was di: modulus) are quantur 
rted; while peals of laughter sounded on thor commends to mat! 
es. Next day he asked permission t 


0 created by 
rn to France, which was granted. 


Now for De Morgan’s corollary. ‘* An 
ilgebraist would have turned the tables 
mpletely, by saying, ‘Monsieur! vous 
savez bien que votre raisonnement de- Yerse seems to lack 


, . some eminent scientists 
inde le développement de x suivant les 
ee ogee 3 : laymen, the current non 
ussanees entiéres de n’. I imagine interpretation of quant 
mathematicians will sympathize Supreme Being, h 
vith Diderot when confounded by new revealed by qu 
; : é ‘ : fold-imaginary 
pistemologies, bizarre eschatologies and / aging 
: : : not roca’s per 
idding theologies hurled at their bare , _ sites ai te a 
ads by the unscientiiie prophets of cur-  guch speculations 
ran 


nt seientifie speculations. The worst t 


tion of Diderot, t! 
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the language in which they are de- 
seribed, should present but few difficul- 
ties to a generation which has learned 
the patter of relativity and the meta- 
Indeed, 


in the whole discussion there is nothing 


phors of quantum mechanics. 


so knotty as a curved space time, and 
little so slippery as the quantum hy- 
pothesis of uncertainty or  indeter- 
minaey, both of which are profoundly 
outside their own 
The disputed points 
mathematics are 


modifying thought 
scientific domains. 

in the 
in fact far simpler in appearance, and 
no less deceptively easy of apprehen- 
sion, than most of the basic abstractions 
from which current physical speculation 


foundations of 


proceeds. 

To this program one type of scientist 
will raise immediate objection. It is an 
old, old objection. Science is not mathe- 
matics. Most mathematicians are now 
aware of the fact. And they know also 
that mathematicians often taxed 
with demanding proof in the strictest 
sense where it is absurd 
They are also 


are 


mathematical 
to demand such proof. 
aceused of haggling over straws when 
the haystack is on fire, and splitting 
hairs to splice a cable when the bridge 
is about to be washed out. 

The classical instance is that of La- 
place, who also had some claims in his 
day to be counted among the scientists. 
Napoleon Bonaparte, that eminently 
practical man, declared that this great 
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a style suited to his 
The mathematician ‘ 


patron 
times. 
showed himself to be a pract 
prop rt 


tician of no mean 


several mathematicians have | 
losophers, or even scientists, of 
Whatever truth there may 
general charge searcely co 
here, for the 


simple, common to all consist: 


} 


matters in dis) 


ing and not obscured by any 
to the desired object. If it 
true that to a 
things are pure mathematics, 

longer so. With the discov ry 
past thirty years that mathe 
pure than mathen 
thought it, being contaminated 
chology, metaphysics and all 

other enticing impurities wl 

purists would like to boil off, the 
search for purity where it does 
It is precisely 


mathemat 


pure 


less some 


ist has ceased. 
many mathematicians have com: 
ize that nothing is so uncertain ; 
ing certainty, unless it be 
uncertainty, that some of them 
to accept as worthy of serious 
consideration the speculative 
sions of science outside of its 
human province. 

On the debatable ground we 
laymen, pure and simple, and if 
perience of mathematics mean 
thing for science the conclusion 
whole matter is to be cautious 


f + 


cautious than any speculative p1 
tion of current science would hav: 
With the speculators in this conn 
may be classed those specialists w! 
serious treatises, proceed to episten 
ical conclusions in apparent disr 
of everything that has been done | 
past thirty years in the foundati 


failed as an adminis- 
sought subtleties 


mathematician 
trator because he 
everywhere, and carried into polities the 
spirit of the infinitesimal caleulus. This 
remarkable verdict was inspired in part 
by Napoleon’s desire to oust Laplace in 
order to provide a profitable job for a 
nephew, who carried no sort of esprit 
into politics or anything else. Its in- logic and mathematics, and wh 
justice is evident from the most cursory to believe that every one underst 
what probability means when app! 
the actual world. 

3. When a scientist 


inspection of Laplace’s career. As a 
mathematician he did mathematics; as a 
politician he did polities, and did it in 


tries to 









matician by boasting that he uses 
eory on the even-numbered days 
week and an apparently contra- 
y one for the same phenomena on 
dd days, he is disappointed when 
S. Frequently the scientist con- 
sses a desire to reconcile his theories, 
sometimes he succeeds brilliantly, 
r instance with his waves and cor- 
more 


years or 


For 
maticians have 


twenty 


been beating this 
r showing of the scientists. It is a 
mathematician 
» can not dispute the consistency of 
while 


antiquated 


ssly 
s fundamental assumptions 
¢ the analysis deduced from them to 
one compart- 
true, 


be- 


theorems which 


stad ish 
his mind believes to be 


he adjacent compartment 


ves them to be not false but mystical 
The last is merely the rather 
which 


half-way 


nsense. 
rutal characterization 
ibters, eontent 


some 
not with 
mpromises, assign to ideal theorems 
the technical sense of the thorough- 
i formalists. 
Mathematical 
seem, can meet scientific speculation on 
erms a little better than equal. Unfor- 
tunately the two have not yet met in 
public, and searecely at all in private. 
When they do meet, if ever, we may 

k for the most clarifying session in 
the history of human thought. And, if 
a prediction may be ventured, both par- 
ticipants in that shattering debate and 
fortunate hear it 
will rise with considerably fewer convic- 


speculation, it would 


ill those enough to 
tions than encumbered them when they 
Sat down. This, however. need not be 
taken seriously by any who cherish their 
present prejudices, for an example will 
be given later to illustrate the utter 
folly of most predictions concerning the 
futures of mathematies and logic. 

Let us imagine for a moment that 
mathematical speculation and __its 
younger scientific sister do meet to dis- 


cuss 


their perplexities, and that they 
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Sumeient pe ise To ec 


| What, if 


mutual disrespect 


retain 







may either hope to learn from the other 
From a dispassionate examination of 





her younger sister’s effects, mathemati 


that unlimited publicity 





conclude 













may 
is not such a bad investment after all, 
and that a touch of humanity of tl! 
proper color now and then improves thi 
general appearance and adds to thi 

of living. The younger, impressed by 
the calm assurance of the other, after a 
life of disillusionments, may foresee her 
own future, and silently agree it 1 
bread is better than half a loaf when 
the whole is moldy and ripe wit 
weevils. In the meantime she will have 
her fling, and in the end attain the im 
perturable serenity of her older sister 
secure against all assaults of doubt I 





she will have outgrown her adolescent 







ambition to rule society and the w 
verse. 

The above sketch may be unduly op 
timistic. There is little evidence to 







show that one clan can profi 
mistakes of its neighbors. Each goes 
its own way and learns, if at all, by ex 







perience. It may be useless to point 
out that mathematical speculation 
found it self-destructive to read into the 





more than 





conelusions of mathematics 





+ 





was given unequivocally by the strictes 





alone, sub 


mathematics 





techniques of 


ject to incessant examination and mer- 





} 


criticism to detect concealed as 





ciless 





rons 


sumptions and flagrant contradict! 







It may be a waste of time to recall that 
the simplest and most obvious of all the 
sciences has not yet agreed with itself 
as to what is provable, what not prov 
able, what is sense, what nonsense, and 





and in- 





eaning 


what the provinces of n 








ference are for the most r idimentary 
abstractions of which the reasoning 
mind has thus far shown itself capable 
Unbridled speculation may not be 





of the in- 





checked by the history of any 
tellectual disasters to which it has led. 
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But surely the average intelligent priety. So let the innocent mat 
human being will be moved to a little cian, who is only a layman in 
healthy hesitation in accepting the more tions outside his own, plung 
preposterous inferences drawn by en- with complete confidence that 
thusiastie prophets of current scientific reputable company. 

speculation when he suspects that even Matter 


: is made up of molecules 
mathematics can not deduce sense from which are vortex-rings composed of 


ill-understood concepts or from insuffi- ous ether. The luminiferous ether 
cient hypotheses. He may even begin ™#de up of much smaller molecul 
, which are vortex rings in a second 
to suspect that not every lame duck he a , . 
: : ether. Call these smaller mole 
sees 18 a Swan. sub-ether in which they are embedded 
Not even the most eritical onlooker seen Universe. The human soul exist 
would presume to object to any purely Unseen Universe. It is made of. tl 
scientific hypothesis or speculation molecules (size B). In “ ra 
as, ine ti 


Oo 


} ° } . . 1 . f body like a _ subtile 
, selenece av I ? re , or Nhe : . 
W aa J a lence may fn conve nient I think in life are accompanied by 
scientific purposes. It is only when motions of the molecules (size A 


speculative solutions for age-old human brain. These motions undulate thr 


or philosophical problems, which may ™&terial universe. But, by the cons: 


. energy, part of these motions w 
not even have been properly put for all ap igh a = 

» . by the molecules (size B) 
that any one knows, are confidentls fore the soul has memory. 
advanced in the name of science as_ of the body the soul witl 


worthy of human consideration that becomes a free agent in the 
physical possibility of the immortality 


] 


protest becomes relevant. Scientists 
soul is thus demonstrated. 


themselves have objected in the past to 
unwarranted appropriations of their It sounds like sense, but is it? 
workaday stock in trade, and if they do ‘The Unseen Universe’’ was 1 
not object now it may be because they ten by Euler in the eighteenth ce: 
have grown indifferent. Some who are Nor was it intended as a sat 
merely scientific laymen feel, however, mathematicians and other scient 
that the broadcasting of speculation has men. If I have done an injusti 
eone too far to be wisely ignored. above rough, secondhand parapnhi 
4. Anatomizing defunct speculations it is not too rough—to the « 
may not be a very clean pursuit, but it guished scientists who made th 
can oceasionally indicate that some of seen Universe’’ a best seller, I a) 
the living are less healthy than they to their sub-molecular molecules 
might be and show what is likely to kill ever they may be in their sub-et 
them. Unless he were told the year in ether. Turning to the title pag 
which the following alleged demonstra- the names of the distinguished B 
tion was put forth in a serious book physicists, Tait and Stewart (t 
which had a tremendous sale, an unsus- was first published anonymous! 
pecting mathematician might well swal- seems incredible that the san 
low it whole for a brilliant speculation could have collaborated with Lord 
fathered by current science. The oc- vin in the great ‘‘Treatise on Ni 
eurrence of two ethers in the theory Philosophy,’’ but possibly the 
need not perturb a modern reader. of Kelvin (who was a devout ¢ 
Some physicists still find it convenient and who hated unwarranted specu 
to speak in terms of an ether even when as violently as he once hated qu 


discussing relativity, and they do so nions) kept the sub-ether oui of 
with full knowledge and perfect pro- treatise. And it is little short 













le that some practical joker has 
better by 


and offering the all 


erasing 


but 


vont Euler one 
late, 1875, 
classic to book ot the 


sold by the ton lot 
So far as mathe- 


rotten some 


elub. It 
why not again? 
ians and reasonable human beings 
e concerned, the ‘‘ Unseen Universe’’ 
s smashed flat by the mathematician 
rd. His essay on the subject still 
s amusing reading, particularly 
his own shrewd speculation whi 
reshadowed an essential part of gen 
relativity. 
To some Eddington’s 
Nature of the World’”’ 
8S), one of the best things in it is a 
““The re 
that 


revealed 


readers of 
Physica! 
199 
tence on the last page 
content 
God 


and 


is reader may well be 
him a 


ve not offered 
therefor 


the quantum theory, 
to be swept away in the next 


ntifie revolution.”’ The irreligious 


ider may perhaps regret the omission 
nd the mere mathematician, always i 

humble status of scientific layman 
ll aeeept without question the dictum 
world of aether and elec 


it “‘In a 


eounter non 


rons we might perhaps e1 
not 


For to at least some mathe 


ense: we eould encounter damned 


onsense.’ 
iticlans certain extra-scientifie specu 
tions foisted onto the sci 


em to 


r to the 
+ } 


? 
and to D 1) 


come perilously nea 
second kind of 
tter than 
1875. 
It is all to the 
aties to admit that we 
in a world of ‘‘aether 


it rather in a 


nonsense 


the ‘‘Unseen Universe’’ « 





ereater glory of mat] 


are not livine 


] 


rorgeous 


] 


rt space and Hermitian matrices 


Mathematicians as professionals aré¢ 


miliar enough with these things t 
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was in 1928 The following simple 
description for laymen is due to Profes- 


sor Eddington.* 


Suppose that (ideally) an electron is ob- 


under a powerful microscope in order 
to determine its position with great accuracy. 
For it to be seen at all it must be illuminated 
The least 


scattering 


served 


and scatter light to reach the eye. 
it can scatter 
this it receives from the light a kick of unpre 


is one quantum. In 


dictable amount; we can only state the respec- 
tive probabilities of kicks of different amounts. 
if the kick is small the probable error will 


be emall. 


The short mathematical statement 
may be found in any one of numerous 
treatises. It need not 
us here. Like the foregoing, all involve 
the notion of probability or of a statis- 
tical measure in the mathematical senses 


recent coneern 


as commonly applied by orthodox scien- 
tists. This point is the only one of in- 
terest to critical mathematicians. 

Those who find difficulty in visualiz- 
ing the quantum 
mechanics may be helped by the ingeni- 
ous interpretation of Schrodinger’s psi 
function as an imaginary probability.‘ 
It really is quite simple; starting from 


probabilities of 


Borel’s eoncept of probability as a cer- 
tain real arithmetic in the interval 0 to 
1, the mathematician may proceed to 
resolve any number in the interval into 
a pair of conjugate complex numbers. 
Schrodinger’s psi multiplied by its con- 
jugate is usually interpreted as a prob- 
ability. Hence Schrodinger’s wave 
equation describes the distribution in 
real space and time of imaginary prob- 
abilities. The possibilities thus intro- 
dueed for hyperscientifie epistemology 
are unlimited. 

Now, no scientific layman has a right 
to object to any inductions from the 
uncertainty principle within its own 


domain. But what are mathematicians 


8 A. 8. Eddington, ‘‘ The Nature of the Phys- 
ical World.’’ By permission of The Macmillan 
Company, New York, publishers. 


4Proca, ‘‘Mathematica,’’ 1, p. 22, 1929. 
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and other mere laymen to think 
devastating generalizations 

from the principle outside the r 
physical science? For example, 


interesting current speculati 
strict causality is rendered mea 
and that all the philosophical 
of determinism abolis 
But are they? 


mathematicians as 


tions are 
the principle. 
many 
other laymen would be glad to 


less 


last of all obscure speculations, 

alistic or idealistic, deterministic 
deterministie. They 
pointed if they expect the une 

principle to do their housecl 
For it all depends upon the mea: 
one word, probability. On this 


may be 


there seems to be considerable 
which is perhaps even a more 
situation than a sharp divis 
opinion. 

My own belief, for what it 
worth, is that these extra-scientii 
from the principle ca 
tarry ‘‘to be swept away in the 
scientific revolution.’’ I believ: 
they have already been swept av 


ferences 


mere straws on the general flood, in 
present mathematical revolution, 
has been in full tide for a genera 


and is still going strong. They 
therefore already attained that 
state which Eddington « 
However, this 


blessed 
*‘damned nonsense.’’ 
merely a personal opinion, liable to 
swept away in the next mathen 
revolution. 

6. That equally competent 
should disagree on the meaning of pr 
ability seems a sufficient reason that the 
inexpert should suspend judgment 
the wider speculations originating 
the quantum uncertainty princi; 
There is of course no doubt as to 
*‘meaning’’ of the formal definitions 
the text-books on probability or | 
squares. For the most part they are s 
trivial that even beginners can ap} 


exp 














mes of 


ora 
= «4 


with ease to problems on 

e few of them have ever played. 
What is in dispute is the step from 
purely mathematical definitions to 
applications to the actuai world. 
ne set of opinions regarding the 
ning of probability should turn out 
right, then all the wishful aboli- 
of superfluous philosophies will be 
stified. Should the set 


ns turn out to be wrong or inade- 


f 


Same ol 


e, the position will be one of stale- 


_ and for all of any one’s desire to 
rid of certain speculative systems of 
» past we shall still have them with us. 
bability and what comes out of it 
vet innumerable instances of the kind 
mathematical precision which exas- 
the confident of ‘‘mathe- 
ities as a tool’’ into calling all mathe- 


rates 


user 


ticlans who are more than animated 


ileulating machines vain quibblers. 
e dishonorable ‘‘mathematics is the 
indmaiden of science’’ tradition also 
shows up here in all its’ shabby 
lendor. 


For example, any genial expert on 
ermodynamics will expound the mean- 
g, not only of probability, but of its 
garithm to any doubting obtuse 
ithematician. The mysterious 
rithm takes on the minatory semblance 
fa time arrow, and the mathematician 
hears the death rattle of the universe as 
it runs down like a rusty and worn-out 
The time arrow, carefully 


or 


loga- 


alarm clock. 
avoiding the circular points at infinity, 
is never perpendicular to itself; the 
entropy increases monotonously to its 
proper maximum, and the frozen mathe- 
matician awakes in a very cold sweat 
indeed, to find himself flat on his back 
on the void floor of absolute zero. 
Awakening from his nightmare he is in- 
formed that, if not damned, he is lucky 
to be alive in this brightest and best of 
all possible universes in this best of all 
possible times. Muttering that this sin- 
gular conclusion is extremely improb- 
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able (its babilitv’’ 


‘pr 


one divided by a number that 


infinity), the mathematician Ceparts t 
think over exactly what it was that 
scientist did to him. But he is 
and without solace, for the hand: 
fled to drown herself in the kit n sil 
when her employs r began tl pragma 
part of his demonstration 

It ran as follows My hyp 
true because it works. The p 
was P. Now P implies 1 propos 
@, as can be verified both mathe 
eally and experimentally But Q 
known to be true. Therefore P is tr 
Now again, P implies R, as can be s 


mathematical 
mentally. T 


also is R.’’ 


To which the bewildered n I 
clan might reply, ‘Why go to all t 
bother to prove { 1? s tru 


Wouldn't it be = simpler d 1 
shorter to substitute a false propos 
EF for P at the beginning? Then 
eould get the whole alphabet at ! 
clattering swoop instead of your sing 
R, for a false proposition implies 

It is no tri 


proposition you like 
all to square the ciré 

If 
reasoning with probabilities in the stri 


unromantie don 


le by this method 


this is a travesty ol 


ain ot statisti 


and 
mechanics, what of the epistemol 
and humanistic 
tum uncertainty principle put for 
some of its more daring int 
impress imaginative laymen Is el 
kind of travesty 
sensical and absurd than the other? 


more far-fetched, no 


consider 


think so, 


you 
query in a similar connection: ‘* W] 
is the sense of talking about a mecha 


eal explanation when you do not 


r 
what you mean by mechanics?’’ Ther 


here Whitehead seer 


if you find sense w 


ting 


ly and verified experi 


legitimat 


parodies Oo! the qual 
th by 


rpreters t 


’ 






herefore, since P is true, so 


If 


to find none, and still think one travest 


more sensible than another, you ar 


only layman living who will admit 


+} 


W hitehead’s 


+ 
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he understands the speculative, extra- 
physical applications of quantum me- 
chanics to their last h. 

7. Even a critical mathematician will 
grant that a theoretiker is within his 
rights when he imagines his swarms of 
particles distributed in any way he 
pleases in their neat pigeonholes in 
space of the proper number of dimen- 
sions. Mathematicians themselves have 
been doing similar tricks with variously 
colored balls and urns since the time of 
Mermat and Pascal. But it is only a 
very naive and unsophisticated mathe 
matician who believes that his amusing 
vame has yet been proved to mean any- 
thing essentially more profound than 
juggling with the proper fractions de- 
posited by a suspiciously prolific defini- 
tion. A eautious juggler would hesi 
tate long before admitting that he knew 

if he thought he did—what is meant 
‘random distribution,’’ 
‘‘random sample’ and ‘equally 
likely.’’ Without a clear understand- 
ing of what these elementary things 
mean in relation to inferences concern- 
ing the actual world, it is difficult to see 
how inductions from statistical theories 
can make any significant contribution to 


by the phrases 


‘ 


epistemology, or even to _ theoretical 
physies as distinguished from mere 
algebra and arithmetie. 

The newer theories have gone far be- 
yond the elementary notions of mathe- 
matical probability. The very ques- 
tions which it would be of supreme 
interest to answer appear to be presup- 
posed in a hopeless tangle of inexplicit 
postulates, ambiguities where precision 
is essential, and elementary mathemati- 
eal processes of the game of probability; 
and the final outcome beyond the 
algebra and arithmetic appears as a 
vicious circularity so far as epistemol- 
ogy is concerned. 

To all this the confident scientific 
user of probability replies that the 
pragmatic test suffices; the theory 


works. It predicts quantitatiy 


that can be checked by exper) 
This merely emphasizes the qu 


Why does the theory work? Ar 
has the Gaussian or any other sta 
law of error anything at all to d 
the actual world? Some 
would say that the questions ar 
ingless; others are bolder, and 
their epistemological conelusions 
answer, believing that they 


begged the question. Does not t 


gest that such speculations are 
the present range of science a: 


its eredit? In any event it is 


certain that the pragmatic answer 
that which the layman, interest 


such things. believes he is getting 


presented with one in the n 
science. And the step from 

scientific or mathematical app! 
of the ill-understood cone pts oi 
ability to the profound and p 


meaningless riddles that have p 


human thought for centuries is 


that more than the seven-leagued 


of science are called for to take it 


Any attempt at the present t 
stride over the real difficulties « 
ability to easy and impressive co 
outside its scientific territory 


some minds as repugnant and 


; 


proper a use of seientifie method ; 


ever imagined. To such . mi 
epistemological and other ext 
tific speculations, originating 
quantum uncertainty principle, 
a par with Paseal’s wager 

modern interpreter of science 
layman has forgotten that 


Ln} 
misuse of purely mathematical rea 


ing by one of the founders of the t 


of probability, let us briefly reca 


c 


} 
1] 
i 


**As the value (say v) of eternal 


piness must be infinite,’’ aecordi 
Paseal, ‘‘then, even if the probat 


(say p) of ensuring eternal hap 


by a religious life be very small, 
pectation (which is p times v, an 


t 
1 


pil 
} 














asis for computing the price oi 


. ft 


ttery tickets) must still be great 
ugh to make it worth while to be 
ligious. ”’ 


bet 
inst the devil has stood as the un- 


For nearly 300 years Pascal’s 


illenged record of bad taste in specu- 
n. It also is a fair sample of the 
iculous authority which mathematies 
as onee wont to claim in regions where 
knew nothing. Reputable mathemat- 
s outgrew this sort of thing long ago. 

scientific speculations of the popu- 
y the 


rs still seem to be tempted | 
mination. 
47} h | 2 . - 
All these doubts coneerning the sig 


icance (if any) of probability as 
pplied to the actual world may be re 
ved The 
robability as something more than a 
the 


may be 


tomorrow meaning of 


play of intricate mathematical 


cleared up overnight. 
mathematicians would 
To them 


including 


vame 


Even now some 
say that ther 
situation 


long eontroverted status of 


are no doubts 
whole is clear, 
1e inverse 
robabilities. 


Some of us will recall the amused 
ntempt with which the investigations 
if Keynes, in 1921, on probability were 
protes- 


the 


statistics. 


ceived by some hard-headed 
mathematicians, expert in 
theories of probability and 


sional 


investigations were a_ serious 


ittempt to state some of the real diffi- 


| hose 


ulties competently and to break away 
‘om the algebraic trivialities which are 
sometimes mistaken for the theory of 
That the effort was in 
part abortive was only to be expected 
irom the nature of the problem, and the 
lore recent work of Nicod bears out the 
rities to a certain extent, but not for 
the reasons they assigned. 

It ean not be too strongly emphasized 


robability. 


that these subtle questions considered 
by the logicians of mathematics are pre- 
cisely those which must be settled before 


pistemological or hazier speculations 
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used UW 


founded on probability as 


waste of tims 
the 


and neve! 


physics are more than a 


The mere arithmetie and algebra of 


situation are not in dispute 


since the infaney of the 


ly 
CGUISMLISS 


have been 


theory. Some mathematicians 


the difficulties with the epithet ‘‘meta 


physics ** These overlook the discon 
ecerting fact that muel of classic: 
analysis has been forced into inti 
with what many orthodox mathema 


clans only thirty years ago would hav 


branded as metaphysics, and prett; 
wild metaphysics t that Kelvin 
compliment that Mathen S S 
only good metaplhysies’’ seems to b 
coming true, but turned inside out, as it 


were, VY it} a strong reverse Enelish 


Other experts, equally competent 
profess to see difficulties in the very 
beginnings of the theory of probability 
as great as those surrounding the no 
torious axiom of choice. Problems in 


the foundations of mathematics, n 


more difficult in appearance than 
connected with probability, have defied 


nothing of 


precise formulation, to say 

solution, for more than a generation, in 
spite of all the efforts of some of thi 
ablest mathematicians and subtlest 
logicians the world has ever known, t 
compass them. What is the humar 
value of speculations fou don qi 
sand? 

Probability, as Russell r 
marked I quote from memory is the 
most important notion befor : 
tific public to-day Laplace in his ¢ 
said the same And nobos Russel 
addea, has the slightest idea 


means. 
Many mathematicians will 


that verdict. Many scientists, as 
know at first hand, will see in it o1 
the eritical mathematician’s o 
propensity to quibble over th DV iS 


judgments of common sen 
mathematies from thi 
] 


IS ChOlCt I 


man who looks at 


to take h 


outside is fre 
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is gifted with uncommon sense, he may 
suspect that not the 
ultimate tribunal which such 
questions must be tried. In the mean- 
time he may accept a Scotch verdict of 
‘‘not proven,’’ and speculate to his 
soul’s content and the creeping paraly- 
sis of his critical faculties, for no one 
on earth can prove that he is wrong. 
8. A common and engaging trait of 
the truly eminent scientist is his fre- 
quent confession of how little he knows. 
A critical mathematician trying humbly 
to understand the works of some of the 
is sometimes moved 
They know 


common sense is 


before 


greatest scientists 
to an opposite estimate. 
altogether too much. 
Instead of the copybook aphorism 
often ascribed to Laplace as his last 
utterance, ‘‘Ce que nous connaissons est 
peu de chose; ce que nous ignorons est 
immense,’’ what he really did say is 
nearer the mark as some critical mathe- 
L’homme 


se 


maticians think they see it, 


no poursuit que des chiméres.’’ It is 
almost as if the great scientist-mathe- 
had earefully rehearsed the 
first with the scientific part of his per- 
sonality, only to be tricked by the irre- 
pressible mathematician in him blurting 


matician 


most awkward 
He never spoke 


truth at the 
life. 


out the 
moment of his 
again. 

If the scientist is modest, at least one 
school of mathematicians does not lack 
‘*In mathematics there 
according to the 
From its con- 


self-confidence. 
is no ignoramibus,’’ 
leader of the formalists. 
text this seems to mean that all mathe- 
matical problems can be unambiguously 
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survive finite number oi 
tions. 

Whether the problems of mat} 
have been well posed, and if so 


any 


any 


solutions exist in sense 
mathematicians 
questions for the future to 
has tau 
much 1 


can agree, see! 
Experience 
mathematicians that 
solid and satisfactory to one n 

fair cl 


ignore. 


eal generation stands a 


dissolving into cobwebs’ und 
steadier scrutiny of the next. 
This is a different thing 
honest humility of the scientist 
foresees a possible end of his 
scientific speculations in the beg 
of others equally transitory. 
rock beneath his 
scientist 


dreams, the 
believe, Wi 
unshaken under the 
blow away his airy palaces. W 
incredible to a thoroughly criti 
viewing the wreckage of 
mathematical that 
should yet believe in the exist 
the bedrock. 

Critical mathematicians 
so deeply into the foundations 


seems to 
hurriean 


Systems is 


hav 


rudimentary science without yet 
ing anything that any significant 
tion of them all agree is bedroc 
they may be excused for dish: 
that others with clumsier shov 
blunter drills have got much be! 
deceptive surface of appearances 
the most sanguine scientist, n 
mathematician believes implicitly 
the bedrock is there if only he coul 
through the quicksands, but the b 


not shared by all. The very exist: 
of a reasonable doubt would seem ti 
a sufficient reason for boasting, not 

little, but that we k: 


stated and that solutions exist, but as I 
am not sure of the meaning I shall not 
press this interpretation. Possibly it 
conceals a definition of mathematics: we know so 
‘‘That of which we can assert that we nothing. 

shall not always be in the dark as to its In contrast to the modest 
meaning is mathematiecs.’” Having of the scientist, I believe (in spite of 
heard itself described as anything from formalists who, according to some « 
art to symbolic logic, mathematics can eal have misunderstood 


assur 


Tr 


logicians, 








ture of the issue) that it is not too 
ng to say that, on the things which 
y matter to them, mathematicians 
reduced to taking their choice from 
n¢ the members of that hoary and 


dogmatism 


ly trinity, 
belief. 


of a reasonably common agree- 


ignorance, 
Knowledge in any 


ad erass 


t on the fundamentals of mathemat- 

ies seems to be non-existent. Or, to put 

t another way, knowledge has become a 

inction of belief; the more a mathe- 

matician (without proof) the 
re he thinks he knows. 

It would be possible to arrange the 
eminent mathematicians of the present 
into a sort of spectrum. The 
infra-red had better be left undescribed. 
The red end is complete skepticism 
toward the validity of mathematical 
reasoning. It shades gradually to a 
cool and comfortable green of utter in- 
difference to everything but the merry 
anties of the problem-solvers, deepening 
into the beautiful blue of those who sus- 
pect that all is not as it should be with 
the green, but who believe that in the 
end they, and even the infra-red, will 
be purified into an ethereal vivlet. The 
is Cantor’s paradise, the only 


believes 


time 


violet 
genuine mathematics since the Greeks, 
according to W. H. Young, from which, 
as Hilbert has roundly declared, no one 
shall ever chase any one else. Beyond 
the violet stretch the illimitable regions 
of the ultra-violet, comprising all those 
who believe that the red and the infra- 
red are the unnatural offspring of for- 
bidden quantum states, and that any 
who merely believe in the existence of 
the obscene progeny should be skinned 
alive and boiled in aqua regia. 
That the controversies between 
end of the mathematical spectrum and 
the other are real enough is evident 
from the considerabie heat experienced 
as one passes along it in the improper 
direction. If they have done nothing 
else, recent disputes have abolished the 


one 
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stupid, stuffed-shirt 
mathematies stands co 
human animosities 
tor it shows that neither 


Symptom, 


mathematies nor the average emulnent 


mathematician is yet perfect, and ther 
fore that both are still alive. 
Some such arrangement of mat! 


maticians of the past half-century, with 
quotations from their works, should do 
more to destroy a degrading taste for 
obseure and profitless speculation than 


of second-hand opin- 


a whole library 


ions. I believe it should be made, wi 


a minimum of critical apparatus to 
clarify the technical terms, and dis- 
tributed at cost to all those who care to 


keep a balanced mind. There should be 


no injection of personal opinion on the 
part of the compiler as to who is wrong 
and who is right. The bald exhibition 


of the facts should suffice to establis! 
the one point of 
namely, that equally competent experts 


now disagree on 


human significance, 
have disagreed and do 
the simplest aspects of any reasoning 
which makes the slightest claim, implicit 
or explicit, to universality, generality, 
or cogency. There is but little question 
here of wide philosophical horizons, 
Many of the doubts concern such ele- 
mentary things as the meaning of twice 
two equals four. 
The last will 
on the face of more than one scientist 
should any happen to see it. Before 
passing to a few extremely simple exam 


doubtless raise a smile 


ples to illustrate our changed outlook 
on the scope and validity of mathemati- 
eal reasoning, I should like to state why 
I believe that some scientists are supe- 
mathematicians in their 


some 


rior to 
ability to see two facts where none has 


yet been proved to exist. I recently 
heard Bertrand Russell somewhat 
rashly confide to an audience of scien 
tists that he felt less confident than 
they of some things because he had 


tried for ten years, and failed, to prove 
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that twice two is four. This was per- 
haps only a picturesque way of stating 
that the all-essential proof of the con- 
sistency of mathematies is not forth- 
coming from ‘‘Principia Mathematica’’ 

the defect which Hilbert and the for- 
malist school are endeavoring to supply 
with their theory of demonstration, if 
the intuitionists will let them. Any- 
way, Russell’s confession was received 
with a roar of laughter, and after the 
leeture several expressed the opinion 
that Russell’s is the example par excel- 
lence of a brilliant mind seduced by its 
own subtlety. It will take a sharper 
implement than Occam’s razor to shave 
these hairy logicians. 

9. All shades of skepticism and belief 
as to the existence and quality of 
mathematical truth are to be found in 
the current literature of or about 
mathematics. At one extreme is the 
view of one school of psychologists that 
the profoundest truths of mathematics 
are nothing more than complicated mo- 
tions of the human larynx, akin to the 
reflex swallowing of superfluous saliva. 
Midway is the innocent assertion of 
some mathematicians that mathematics 
is art. To me this is particularly exas- 
perating, as I once spent a vacation 
near Carmel. If nothing else, in view 
of the controversies between intuition- 
ists and formalists, the art theory of 
mathematics is so devilishly like the 
apparent truth as to be unkind. At the 
other extreme is the speculation that 
mathematics is true because of Platonic 
idealism. 

The last in one form or another has 
been orthodox mathematical dogma for 
centuries, and it still claims its eminent 
devotees by the dozen. Many of course 


find it as repugnant as the saliva theory 
of mathematical truth. Unfortunately, 
the only middle ground possible seems 
to be the singularly barren and uninvit- 
ing desert where mathematics as such is 


divoreed from its meaning, if it 
and all of the interesting g 
which a mere human being wv 
to ask about mathematics or its 
ing are pitched into the limbo 
mathematics, a region at pr 
nebulous as Tartarus. Who but 
firmed juggler with symbols r 
anything about the hen trae 
which reduces all mathematies 
ingless marks on dust or paper? 
The answer of course is that 
the most eminent mathematicians 
do take precisely that view and 
diseconeertingly, do seem to ear 
tremendously. Some of us 
searcely blame the mathematica! 
for feeling unsympathetic to t! 
ticular conclusion of one school 
perts, but no one apparently | 
succeeded in demolishing the th: 
demonstrating its irrelevance. 
takes refuge with the intuitionists 
likely to be baffled by his inabi 
understand what they are talking a 
At least some competent mathe 
cians have so expressed then 
Here again the verdict is ‘‘not pr 


What was ealled above the Plat 


view of mathematics (merely for 
ity; there may be no foundation 
in Plato’s philosophy) is seen in o1 


¢ 


its extreme modern forms in the 


ing quotation from a mathema 


layman (Everett, 1870) : 


In the pure mathematics we cont 
absolute truths, which existed in the 


mind before the morning stars sang toget! 
and which will continue to exist there whe: 


last of their radiant host shall have 
from heaven. They existed not meré 


+) 


metaphysical possibility, but in the act 
templation of the supreme reason. 


According to this theory, mathe 
cians do not invent mathematica! 
rems; they discover them. 

One of the great surprises of my 
was to find that two of the most emi 


a 











us or Or any avr 


aticians of tl 
ve the Platonic theory in its uncom 


After 


as that I was ready to believe 


such a 


that 


mising entirety. 


» undevout astronomers | know are 
than Nebuchadnezzar ever 


nly fair to add the 


was 
conelusion oft 


pis xle for the eomtort or Those who 


the Platonic theory. In 
the 
ns in question, in which the topie of 
ission was the Platonic theory, the 


not believe 


hate between two mathemat! 


nt eame to a sudden and disas 
as if ata 


other the 


5 end when each, precon- 
hurled at the 


thet ‘‘theologian!’’ 


d signal, 


} 


An interesting side-light on the re 


‘tive leanings of those who believe 
Platonic theory and of others to 
m it is meaningless, appeared in a 
ent examination (with which I had 
thing to do) given to about 300 stu 
nts of science, mathematics and engi 
They were asked, ‘‘ Were the 


rems of elementary geometry which 


ring. 
1 studied in high school invented or 
re they discovered?’” To a man the 
engineers an 
The 


unanimously 
Perhaps the correct an 


ture scientists and 


red ‘‘invented.’’ intending 
hematicians voted 
liseovered.’’ 
er is that silly questions are unan 
rable. 
A more modern variant (1928) of the 
ry emerges from the writings of one 
i the many working mathematicians to 
m formalism does not seem to prom 
an escape from our serious mathe 
itical difficulties. 
the as yet (1930) wm 
the eighteent! 
mathematician Goldbach that 
ry even number is the sum of two 
rimes;: thus, 8=3+5, 24=—11+4 13, ete 


More broadly, the doubt is about ‘‘real’”’ 


It eoneerns 
roved conjecture of 


entury 


ropositions. 


finally, whether ther 


I (Hardy) ask tl 
anything in the proposition, as 
gie and 


relevant 


as Wittgenstein seems to conceive 
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such a viev i i /| 
rther. both in } V er 
rractatus Log i 
hat Russe says al I ed I 
been deceived S I 
for 1 be ‘ i here r 
to ft l Ye S ¢ Kk 1 } 
that I - p | + te ty 
Tl, «#4 : | ] 4 r 
Chat IS also The conviction OL mi 
l-} l 
working mathematicia Anyhov 
whether they belie in theory « 


mathematical truth to which their bi 


in a particular ‘‘ideal theorem’’ co 
mits them, or whether they bold 
ignore any doubts which may ult 


mately nullify their nelusions, t 


keep on working. If the theory itss 


has not yet been made to work, it has 
t] e undeniable merit of ! aki Yr seores 
of productive mathematicians work wl 


despair 


Skepticism, however, 1S not necessar 4 


might otherwise give up in 


a damper on creative work, whatev 
those who dislik t may imagine; \ 
ness Kronecker 

A yet simpler illustration from t 
same souree is this: ‘‘If I can? adm 


that ‘there are infinitely many prim 


has no meaning, it is simply because 
seems evident to me what the mean 
is.’” Less than thirty years ago 


rational human b 
doubted that the assertion 


has a clear, simple meat 


is classed by some ppare! 
meaningless noises, like ‘*2 implies tl 
2 implies 2,’’ which is an exampl 
what some call ‘‘ideal rem 


When I remarked 


philosophical Implications ol the rie 


numbers had es 


of algebraic 
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eral notice (perhaps fortunately) I had 
ideal theorems in mind. Any one read- 
ing Hilbert’s paper of 1925 (Mathe- 
matische Annalen, vol. 95), and his 
earlier works on the _ postulational 
method in mathematics, will be inter- 
ested in tracing the evolution, uncon- 
scious perhaps, of his thought through 
the great report (1894) on the theory of 
algebraic numbers and ideals to the 
epoch-making treatise on the founda- 
tions of geometry (1899), down to the 
present theory of proof, whose aim is to 
establish the consistency of mathematics 
as mathematicians know the subject and 
as scientists blindly use it. 

And, while one is speculating, he may 
try to imagine what Hilbert’s theory 
would have been like had the report on 
algebraic numbers never been written. 
The analogies from ideals might have 
been replaced by more familiar ones, 
such as the use of ordinary complex 
numbers in the proof of real identities. 
But, at that, one imagines, the shades of 
Cauchy and Kronecker, the one with his 
algebraic keys, the other with his more 
easily apprehended modular systems, 
would rise to object and claim a hear- 
ing for their less mystical constructions. 
Ideal theorems, one imagines, would 
have a hard time evading the test of 
eonstructibility which Kronecker im- 
posed upon his mathematical creations. 
They can of course escape any such 
cramping prison by soaring to a higher 
type of mathematical truth. But if 
they take that way out of the world of 
sense they will need an ideal axiom of 
ideal reducibility to bring them back 
again, and such axioms seem to be 
under suspicion at present. 

A strict finitist might dismiss all 
ideal theorems as being beyond the 
province of mathematics. But, in dis- 
missing them, he would say goodbye 
forever to a great host of mathemati- 
cians whose works many still find inter- 
esting and profitable. 


Entirely elementary difficul: 
those quoted bring out mor 
than others, perhaps greater ar 
to the professional activities 
maticians during the past seve 
the quandry in which mathen 
day finds itself. For this reas 
avoided allusions to eurrent 
sies about the infinite, the t 
assemblages, the use in moder? 
matics of Aristotle’s law of 
cluded middle and the method 
rect proof, and existence th: 
of which are being attacked 
ing degrees of ferocity by thos 
themselves finitists and intuiti 

I have tried merely to sug 
mathematical laymen that the 
state and past experience of m 
ics would seem to counsel extre! 
tion in accepting any speculati 
ten by science on too willing 1 
outside its traditional province 

The incredible but true ar 


humiliating aspect of the present 


putes over the validity of mat! 
reasoning is not that we are of 
choice between cold skepticism i! 
tional belief, but that such 
respecting sober propositions 
day classical mathematics, suc! 
scientist uses constantly and 
question in his work, is n 
flagrant nonsense. The sane, 1 


+ 


road which some would wish 


has not yet been proven to exist 
those who try to take it in the p 


ing darkness may find themsel\ 
ing down an abyss. 
10. After all this, is there an) 


reason why mathematicians should 


discouraged? I believe not, and 


try to justify my belief by two | 
which I came across recently. 

are many more like these if any « 
ity seeker cares to hunt for 


I s 


Here is the first, and it beats anyt 


that any pessimist can possibly in 
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REMINISCENCES OF GIBBS BY A STUDENT 
AND COLLEAGUE 


By Professor EDWIN BIDWELL WILSON 


to give the Gibbs’ 


before the time came for the lecture 
have been en 


relieved of my executive responsi- 


cil and should have had opportu- 
considerable 
of investigations 
entific paper somewhat fit to take its 
with the previous lectures given in 


not had in full the expected relief 
must appear before you with a very 
general talk of a personal and reminis 


well be that you prefer that type 
address from me, and i 
type I must be expected to speak with 
ut apology a good deal in the first per 
After all, one’s personal recollec 
ms are his own; they may have little 
f truth in them, for memory is not in 
to use a detached third person 


tvle of composition may ceive them in 


jective fact than they really merit. 
To give you some appreciation of the 
ry inadequate background with which 


M. I. Pupin, ‘‘ Coordination,’’ 








‘* Mathematics 
srown, ‘Resonance in the Solar System,’’ 
Ibid, 34, 265-289, 


Introduction to the Theory of Numbers,’’ 


Application of Mathematies to the Social 





| at the early age of twenty came int 
contact with J. Willard Gibbs may | 
state that my undergraduate work was 
at Harvard and in mathematics, whiel 
meant pure mathematies. In the spring 
of 1899 Professor W. F. Osgood, wit! 
whom I had taken a number of courses 
and who was good enough to take a rea 
and much appreciated interest in me 
suggested that | go to Yale for my grad 
uate work. Some of vou who have a 


! 


knowledge of the relative standing 
pure mathematics of the departments at 
Harvard and Yale at that time may 
think the advice extraordinary It was 
but it was extraordinarily good. As 
Professor Osgood pointed out, I had 
been long enough at Harvard and had 
specialized sufficiently in mathematics 
to get the greater part of the best Har 
vard had to offer in point of view, and 
a change would be beneficial to mé 
He spoke of Pierpont and of Perey 


; 


Smith whose interests were somewl 


r 


different from his own and those o 
Professor Bécher with whom I had had 
more work than with any other than 
Osgood It is my impression that 
neither Osgood nor Bocher mentioned 
Gibbs to me But when B. O. Peires 
heard that I had decided to go to Yale 
he remarked that down there I might 
P 


us 


eome across Gibbs ‘*~wehom some o 


here think a rather able fellow.’’ Had 


This sort of gener t e 
Harvard T iken wit ’ gor hlwy g od pI 
for trave ng f; ships. t has deprived 
Harvard Graduate Scho of a goodly 1 } 
of students of the best grade, much to the 
vantage of the students and of sciences 1 
thus indirectly to the idvant ee of the . 


sity. 
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ol hook | pleased, TO 
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from other Somewhat seri 


sources 
ith the magnitude 
task | 
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ously impressed W 
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OCCUSILONS but 


dane and apparel 1 

attention: 

very briet 

concluded and 

comments Wi 

such occasion 

of the then quite new electron theory ¢ 

the constitution of the atom Gibbs said 
that it must be getting nearly time for 
him to move on, that for many vears he 
had been troubled over the problem of 
reconciling the number of degrees of 
freedom in the molecules with the value 


ot the ratio of! the specific heats at eon 


stant pressure and constant volume and 
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Was 


some books he thoueht | 


to a cdeetstion 


To Comrie 


he thesis Was worthy 


nee. Onee IT desired 


books whic were hot 


rv but which I had seen on 


es in hus office during a lecture | 


red to ask whether I might borrow 

He was entirely willing. <As | 
d the books off the 
had not been ¢ 


shelves 
el that the pages it 
nquired whether | might cut then 


ith he rephed ‘Certainly, 1 vou 


it worth while.”’ Probably I looked 
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IME GIBBS WAS A TRUSTEE, 188] 
FEW INTERESTS OUTSIDE HIS WORK 
REASURER OF THE BOARD FOR ’ 


IES CONFERRI 


sons wh you expr ; Let me interrupt these perso 


add so discreet ( 
, niscences to give vou a bit 
abridgement W . 


an abridgem it appears in the record G 
the larger book. born on February 11, 1839. 
heavily handicapped pared for college at the Hopkins | 
& in competition th 
d hardly hold 
res T rie | 


i short book tak« nineteen college 


“mar School Ile was graduat 


Yale in the class of 1858 


pear To have been 

matics, as he took pl 

than one vear of his courss IH] 
the Bristed Scholarsl ip ot ROD 


correct, & ma vritten ist ul best examination in Greek, Lat 
form. On . } 
mathematies. He won the La 
recognized 7 : 
tion in both junior and sei 


say, identic: 


Cayley equation, becau I suppose that he He was awarded the Clark Seh 


never was a that quaternion rht be of $120 for the best examuinatio1 
morarde n I s MOS tha t it w } 
regard 1: . 1p} . studies ol the colleve eourse WI! 

a discovery o t] elade Peires tut > , 

: econterred subject to the eondition 
Caviey n , 

‘Quater the recipient continue as a gradu 

I am gh: hat mu fil hat t t.on one or two yvears pursuing non-p! 


(America pir prea rs ot too ace’ ibly witl sional studies lle did so continue 


that 1 ‘ranes llowever, hat vo ° ae ‘ 
Ma — ee in 1863, got his Ph.D. degre: 


thesis: ‘‘On the Form of the Teet 
thing wh you may get ere. I am a little sur Wheels In Spur Gearing es In The 
prised that you find the French Leeturers catalogues, of 1863-64 and 15864 — 


going to pieces. 1 had supposed that that was i, listed as ‘‘Tutor in Latin’’; it 
just what they never did—that they always 


do is to g t best vou ean out of Fr 


wh certainly ill be a great addition to any 


of 1865-66 he appears as ‘Tutor 
Yours truly Natural Philosophy.” Afterwards 
J. WILLARD GIBB went abroad to study In the cata 


gave their leetures in good form. 
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year 1891-92, except for the addition of ‘nineties he may 
a course on the computation of orbits. run the cvele: 


It is of more than passing interest advanced vector ana 


that the classical thermodynamics repre algebra, (4) thermod 


sented by his own contributions has not erties of matter, (5) stati 
appeared for the fifteen vears since his ics, (6) electromagnetic theor 
paper was printed and that the first 7) potential theory and thi 
course announced by him in this field is — tricity Of these (1), (4 
apparently really his ‘‘Statistical Me were generally two hours 
chanies’” on which nothing was printed = throughout the year, whil 
until 1901 In the vears 1892-94 he were one hour per week ae 
apparently offered a combination of clas have taught about six hours 
sical thermodynamics with statistical giving (1) vearly with (4 
mechanics and only from 1894-95 on alternate vears, and adding on 
came to divide the work into a course one or two of the other four 
on his great memoir with a supplemen- courses. During the three veai 
tary one on statistical mechanics. Inthe 1902, 1 was fortunate enoug! 
meantime he had added an option in — these subjects, except that the st 
advaneed vector analysis and another in) mechanies (5) was not given sep 


multiple algebra. Thus after the middle but was represented as some te) 
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three lines of activity he desired to pur 

The revision and extension 
work on thermodynamics, to 
said he had some additions 


sue: (] 
of his 
which he 
to make covering more recently discov- 
ered experimental facts not yet ade- 
quately incorporated into the theory and 
other additions of theory apparently 


not yet exemplified in experiment 
A contribution to multiple algebi 


had some _ id 


which he said he 
thought worth while 
subject appeared at the time not 1 
of much interest to mathemati 
most of whom were devoting thei! 
tention to analysis. (3) A revisi 


even thoug 
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I LOOKED 


method of computing orbits which — had best first 
d certainly be revised now that it waiting for reply 
recently been printed verbatim by tronomers were cons 
holz in the third edition of Klin- _ likely to be appreciative 
ies’ ‘‘ Astronomy’’ when certain im- in his methods for « 
nt improvements were only too ob- maticlans were not 10 

He asked what I should think he _ his ideas in multiple algeb 
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This is a thrilling story, but 
true | 
friend 


Willard 


sad 


However, it may not be eom 
municated it to my old 
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Ralp! 


nephew oft Gibbs. 


writes: **This may be true, but it 
not ' 


Was apparent to his family,’” and 
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story 

all his life 
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son 
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fact and the Statement o 
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determine the vel 
waves in the ether. It is said 
en a colleague told him that 

the Gibbs 
i and said that he could not be 
he editor of Nature print 


it illustrates his m 


st seen 


letter in print 


would 
iddest and re- 
r disposition, which was a conspicu- 


but seems hardly credible 


One often hears lament at Yale and 
re t} at Gibbs’ eolle rues d l not 
his great discoveries in physi- 
emistry by developing the sub 
experimentally and intensively in 
Haven from 1876 on. The econ 
ten takes the turn of wondering 
much greater role American science 
d have played in the growth of 
sical chemistry if Gibbs had accepted 


to the Johns Hopkins 
versity instead of remaining at Yale. 
difference would it have 
little. What 


develop physical 


ffer to vO 
much 
Perhaps 

‘ts Gibbs made t 
Yale I do not 
That he 
mie work was important and knew 
when he printed it 1 have no doubt; 
I have noted above that he appeared 

t to have lectured upon it 


irses for about fifteen years after 


very 


stry at know ; per- 


s none. knew his thermo- 


‘ieee 
in his eycele 


for some rea- 


the 


moir is not such 


mpletion, preferring 
to teach other 
t-matter of the m 
would be likely to diffuse 


university without exposition by the 


subjects,—and 
around 
were at 


ister unless by chance there 


almost equally competent 


rson who very much needed the work 


d some 


sa basis for his own, and knew that ] 
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when 
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research. 
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wise at the time. American mathema- 
ticians had been too exclusively inter- 
ested in the applications. We needed 
emphasis, perhaps temporarily over-em- 
phasis on pure theory and rigorous pro- 
cedures, on analysis as it had developed 
in Europe. The lengths to which this 
emphasis was carried may be illustrated 
by my telling a story which happened 
not so long ago. When E. W. Brown, a 
past president of this society, was at last 
naturalized as an American citizen and 
thus beeame eligible for election to our 
National Academy of Sciences, I asked 
one of the leaders in the section of mathe- 
maties of that academy and also a leader 
in this society whether the mathema- 
ticians would not nominate Brown to 
the academy. He replied in a breezy 
vernacular ‘‘ Not till Hell freezes over’’ 

Brown was to him not a mathema- 
tician, but Brown was here in good com- 
pany with Gibbs, G. W. Hill, H. A. New- 
ton, Neweomb and others. Another story 
shows how non-mathematicians were im- 
pressed with the point of view. I once 
met at the Cosmos Club an eminent ex- 
pert in international relations who asked 
why I happened to be in Washington. 
I replied, ‘‘To attend the meeting of 
the National Academy of Sciences.’ 
‘*But,’’ said he, ‘‘you are a mathema- 
tician not a scientist,’’ and added, ‘‘oh, 
yes, I remember now that it is an aead- 
emy of the sciences and of mathematies.’’ 

The mathematician has a dilemma, a 
choice. In so far as he turns his atten- 
tion to the abstract theory of his sub- 
ject he is not a scientist dealing with 
observed fact but a philosopher playing 
with a priort hypotheses. It is only 
when he turns his attention to applied 
mathematics that he becomes a scientist. 
With the obvious need of specialization 
to-day, I would not limit the choice of 
the individual mathematician ; he should 
be free to follow his bent or the ex- 
igencies of the institution he serves. A 
great national mathematical society, 
however, should not limit its interests, 


it should cover tl 

maties both pure 

doing so it puts itse 

nacle of intellectual effort. 
problem requiring more bra 
judgment, better total adjustn 
nal and external, than that 
the logical an erational te 
pure mat! 
variety of obs: 

offers to our ¢o1 

ing challeng 

was in this fiel 

He had studied with 

was not unmindful 

rigor; in the paper in which 
out that phenomenon of the cor 
of Fourier Series, which has « 
known as the Gibbs phenon 
showed his appreciation of 1 
eal precision as he did on oft 
sions. But fundamentally he 


interested in rigor for itse] 


e 
spired by the greater problem 


union between reflective ar 
thought and the world of fact 

not feel that one should not sti 
mathematics; he was not one-s 
dogmatic in any of his views 

said was that one of the uses of 
mathematical background was 
study of the problems set us by ! 
And if I had one special inf 
draw from my contact with him 
you to-day it would be that the A: 
ean Mathematical Society should f 
for its own good his judgment o1 
matter. There are indeed indic 
that times are somewhat changil 
that in the future the mathemat 
which you as a society are inte! 
will be all mathematics, pure ar 
plied. When that time comes 
will be no possibility of raising 
query as to whether the Gibbs Li 
ship may be only lip service to a 
name, for it will be evident that 


1e 
{ 


thought of this society is itself 
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riking personal 


but 


quiet 

Gibbs was not 
king ways, 
centleman. 
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ANIMAL PARASITES OF WILD AND DOMESTIic 
MAMMALS AND THEIR RELATIONSHIP 
TO HUMAN WELFARE 


By Professor ERNEST CARROLL FAUST 
PARASITOLOGY LABORATORY, DEPARTMENT OF TROPICAL MEDICIN 
ULANE UNIVERSITY 


INTRODUCTION many biting insects inject lar 
THERE is substantial evidence favor- Sites into the blood stream 
ing the belief that all living organisms These larvae mature and g 
have their parasites, from the lowest serious diseases, such as 
bacterium, with its bacteriophage, to the Sleeping sickness of Africa, n 
highest mammals, including man. low fever, dengue, filarial dis 
These parasites are other organisms Other insects, such as lice, « 
which for one reason or another have with their dejecta the w 


found it advantageous to lose their iden- they make, and in so doi 
tity as self-sufficient independent indi- typhus fever and relapsing f 
viduals, and have become associated There are, moreover, larg 


with a donor organism, called the host. of parasites which have becom: 
In some instances this host-parasite mately associated with their 
association is a very temporary one, in the condition is an obligatory o1 
which the parasite merely consumes the parasite. Certain flies lay th: 


food which the host has rejected. Thus wounds or ulcers; others dep 
various tumble-beetles very industri- eggs or larvae under unbr 
ously work over the dung of most mam- still others oviposit on food 


mals and from this dejecta obtain their swallowed by various mamma 
food supply. However, in doing so, eggs hatch in these locations, 
they commonly ingest the eggs or larvae grow at the expense of the | 

of certain roundworm parasites of the cause serious injury and f1 
mammals’ intestinal tract and them- produce death. Many parasit 
selves come to serve as intermediate isms are taken into the bod) 
hosts of these roundworms. In other or drink and become attache 
cases the parasite is a biting insect or a_ intestinal wall of the host, wher 
tick, which applies itself to the mam- proceed to develop and 
mals’ skin, inserts its external mouth- Some of these species of pa 


parts and draws up a meal of blood. into the mouth with food m 
Among certain biting flies and their the digestive tract into the liver 


allies it is only the ‘‘deadly female’’ kidneys, muscles, blood or lym] 
which is a blood feeder. The amount of nels, and develop in these r 


blood consumed is very small compared tions. Another group of | 
with the total supply of the host, but in- such as the hookworms and t! 
convenience is frequently caused by the flukes, directly invade th 
injury at the site of the bite. Not in- skin of the host, and after 
frequently the ‘‘saliva’’ of the insect, migration through the body 
which is injected into the wound just settle down in the intestinal wa 


before the blood is sucked up, is poison- adjacent blood supply. All thes 
ous to the host and causes local itching groups of parasites have become s 
and at times a general reaction. Again, mately associated with the lif 
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t their cond) nisa t ito! 
n < r words, | is impossibl 
! yithout this ass oO! 
} — . 4 +] 
S l IS_Lral s & Ve { Ss Ww it 
of habits of the parasite in 
to its host. It will now be pos 


make inquiry into the types of 


s found in wild and domestic 


r or ANIMAL PARASITES OI 
M 4 M M Al 5 
The animals which are found in para 


ssociation with mammals may be 
d into two main divisions, ecto- 
and end parasites The for- 

ire essentially all insects and their 
s which live on the skin or in its 
ficial layers. The latter consist of 
lled animals or protozoa, and vari- 
types of parasitic worms, as well as 
tain insects and their allies. The 
narasites live in all of the deeper 
ssues of the body, but each parasite 
usually has a preference for certain tis- 
s. In view of the fact that there are 
ns of thousands of species of parasites 
mammals it will be possible to use 
certain forms for purposes of 


istration. 


ECTOPARASITES 

This physiological group includes the 
icks, mites, lice, fleas, flies, mosquitoes 
ind bugs. With the exception of the 
filth and flesh flies and the feather lice 
f birds all these forms are bloodsuckers, 

, tl ey depend on blood as a source of 
od for themselves. 

Ticks. The tick lives for the greater 
part of its life closely associated with 


+ 


he ground and only crawls upon and 
becomes attached to mammals when it is 
in need of food. Whether it be the 
larva, the seed tick or the mature tick, it 
buries its external mouth-parts into the 
skin of the mammal and proceeds to 
feed until it is fully engorged, its ab- 
dominal wall swelling out to accommo- 
date the ingested blood. In this respect 
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drain on b nil 
effects are experienced t 
porary pain at the sit p 
However, certain ft S 
Rocky Mountain s| Di 
tor ande ‘soni, secrete a ©! Nn 
produces paralysis in sheep and 
dren Furthermore, ticks are 1 
ble for transmitting 
eases to various mammals 1) re 
fever (man 2 \ 
Africa, Russia, Japan, « nd 
fevers in sheep rses and ¢ 
heart-water fever S east 
eattl t) Ro Mountai 
fever sheep are reservoirs, n 
comes seriously ill), and tul 
sheep, rabbits, muskrats, mat 
eases such as Texas eatt \ 
jaundice, anemia, malnutrition 
quently death in the host. Ine 
disease renders the animal ur 
tory either for beef or mi yr 
The Bureau of Animal Indust: 
U. S. Department of Agriecultur 
tains a rigorous quarantine in t 
infested areas of the Souther 
States, a justitiable procedur 
which works a great hardship « 


breeders and sl ippers 
tick infection is a most « 
Various ‘‘dips’’ have 


Prevent 


14 
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*u 


been 


these are not always effective, 


of the ticks may remain attached to 
he f 


folds, particularly where 
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It need not be pointed out that for man 
tick-borne relapsing fever, Rocky Moun- 
tain spotted fever and tularaemia are 
very serious diseases and that the mor- 
tality in these infections is high. 

Mites. Mites are related to ticks but 
are smaller and have a less leathery 
skin. There are hundreds of species 
which trouble mammals. Some of these 
are incidental or aecidental and need 
not be considered here. There are sev- 
eral species, however, which produce 
mange and are not only a great aggra- 
vation to the unfortunate host, but are 
particularly detrimental to the produc- 
tion of marketable pelts. The most 
common of these mange mites is Sar- 
coptes scaber. It can infest almost any 
mammal, and while it is most commonly 
found in the ear-lobes of fur-bearing 
animals, it also frequently involves the 
whole skin. Animals in the wild are 
much less subject to attack from these 
mites than are those in eaptivity. 
Zoological gardens frequently have to 
contend with epidemics of mange among 
their primates and eats, and silver fox 
breeders are frequently confronted with 
the problem. Sulphureted lanolin oil, 
rubbed into all affected areas of the in- 
fested animal, is the standard remedy. 
Sareoptie itch in man is also a serious 
skin disease, very resistant to treatment. 
It has not been proved, however, that 
the human variety is identical with that 
of other mammals. 

The little red chigger, or harvest 
mite, is a pest to man in the Southern 
United States. In Japan and Formosa 
and probably also in the Malay States 
and Sumatra, certain of these red mites 
varry an infection known as ‘‘river 
fever,’’ which is very fatal to man. In 
Japan the mites are commonly found on 
certain field mice (Microtus monte- 
belli), while in Sumatra certain birds 
harbor them. In Panama the conejo 
pintado (Cuniculus paca virgatus) is a 
favorite host of these mites. 

Lice. There are two kinds of lice, 


biting lice and sucking 

mer are commonly ealled 
because they are so comm 
the feathers of birds. They ar 
eally known as mallophaga \ 
species have been deseribed 
mals. These forms feed on t 
of feathers of birds and th: 
scales and oily secretions of 
They are of little economic 

in mammals. The sucking 
plura), on the other hand, 
mense economic importance. 
confined exclusively to mam: 
ticularly rats and mice, hors 
pigs, monkeys and man. The 
forms, the body louse, head 


} 


pubic louse, are indicative of 


est sort of personal hygiene, w 


body louse is responsible for 
mission of typhus, trench fever 
commoner types of relapsir 
Serubbing of the body with s 
sene mixtures in water and delou 
clothing and kennels with live st 
indicated wherever animals be 
fested. 

Fleas. Fleas are mostly ob 
able because of their irritatir 
The commonest species are thos 
associated with rats and mice, d 
eats, and man. The fleas of rats 
ground squirrel and of the tarbag 
of medical importance becaus 
ransmit plague from rodent to 
and from rodent to man. Dog 
fleas transmit the dog tapeworm, D 
lidium caninum. All these forms 
on the mammalian body only 
their brief blood-sucking period 
which they drop to the floor or 
and lay their eggs, which devel 
larvae and then pupate, return 
feed only after the pupae hav 
transformed into adult fleas. O! 
pecial importance in the realm 
parasites is the chigoe flea, a 
eommonly found in warm eli 
These fleas, which parasitize wild 


y 


domestic mammals alike, as well as 1 
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the hosts’ blood, after whiel voung under 
Liat and the female burrews sinuses | } 
skin, particularly that of t . 1 st 
ving a small opening throug 1 ( . 
s ays her egg by this tu : t 
; as large as a small pea and S 
of the skin becomes bu 1 uy lustries. O . 
5 t boil-like heads ! nd related 1 
\ become secondarily infected l s i 1 
pacteria. The treatment consists vVading } 
ying the females with a ste! ind domes 
and cleaning out the w yund wilt serious pt Ss 2 
tiseptie such as kerosene f great sufi ! 
es and their allies ‘rom tl the battlefield \\ ver] 
view of their relations to para closely associated with 1 
se insects may be divided inti ing the be rs 3 a 
rroups, (1) the filth and flesh flies destructive ff: rva 
2) the biting flies. Even fli me 
are otherwise very closely relate Under the group of biting fl 
be separated on this basis, as, for their S \ 
ple, the ordinary house fly and the ot species \ | 
fly hich ha l I 
Filth and flesh flies are a serious sucking blood. Ther ( 
ace to mammals. In the first place, stable fly (M 
may introduce bacteria into acci flies (tabanids), CAry s, the tse-t 
: ly contracted wounds and produce flies (Glossina sp) of A 
bacterial infection. More serious, many others h | g to 
ever, is the level pment of larv li species Then there are the mart j 
es of these worms (maggots) in tl] dreds of species of n , s. tl 
malian body. In some instances flies (Phl mus spp 
cos of the fly may be swallowed as Culicoides st p l tl 
od eontamination, hatch out in the buffalo enats . » SD 
stine and develop there, producing females « S r f : 
ple ulcers. Gastrophilus equi, blood, and, \ the | 
monly found in horses’ skin, is a equally accept mammaliar 
d example of this type. Maggots are usually m \ 
) from eggs of practically all the filth In the large, tl 
$ s will hatch in the human intestine by the | S 1 
produce more or less trouble. In When it is reme 
her species the female fly will inten- many « 
ally lay eggs in wounds (Sarco- which a r 
1spp.) of mammals or dart against bites, the « 
njunetiva of the eve (Chrysomyia  eroup 1] 
ma) and deposit eggs. In both tion 
se eases the larvae hatch out and e f 
l on the tissues, usually becoming jn Afriea 
ndarily infected with bacteria. wild and « 
M serious still are the lesions pr n sp 
1 by larvae of flies, where tl don d 
males introduce the eggs or viviparous 1-f] ‘ 1 
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portance of these transmitters In human 


medicine is just beginning to be appre- 


ciated ;: their significance in the causation 


of disease in wild mammals is still un- 
fathomed. 

Bugs. Many bugs will bite mammals 
on provocation, but most of these bites 
are accidental. However, the bedbug 
and its allies are dependent on blood- 
sucking as a source ot food. Likewise 
the assassin-bug and the ‘‘kissing-bug’’ 
belong to this latter category. The bed- 
bug has been accused of transmitting an 
Oriental disease known as kala-azar, also 
certain spirochetal infections, but there 
is no definite proof incriminating this 
much-maligned creature as a necessary 
agent either in these or other diseases. 
The assassin-bug (Triatoma megista) is 
known to be the transmitting agent of 
Chagas disease to man in South Amer- 
ica. The armadillo is the wild reservoir 


of this infection. 


ENDOPARASITES 

Endoparasites have been defined as 
those organisms which live parasitically 
for a greater part of their life within 
the body of their host. For convenience 
they may be considered under the fol- 
lowing headings: (1) protozoa or one- 
celled organisms, (2) flatworms and (3) 
roundworms. There are so many thou- 
sands of these species that only a few 
can be considered. 

Protozoa. Some of these lowly para- 
sites are primitive and simple in their 
structure; others are complex and spe- 
cialized. Among the former are the 
endamebas, while in the latter group are 
the malarial organisms. 

The endamebas. These species live 
primarily in the digestive tract. Some 
live entirely in the intestinal lumen and 
feed only on food as it passes through 
the intestine. One type (Endamoeba 
gingivalis) is found associated with bac- 
teria and spirochetes in pyorrheal in- 
fections of the gums. Another, End- 
amoeba histolytica, is a tissue parasite 


and eauses definite ulcers in 
bowel. This latter species 1s 
to man, several species ort me 
cat, the dog, the rat and tl 
man it frequently produces d) 
Flagellates. There are two p 
eal groups of endoparasitic flag 
those in the intestine and thos 
blood stream and blood forming 
The former group are relatively 
ous; the latter are usually pat! 
Among the latter are the d 
species of trypanosomes, causing | 
in wild animals, also in eattle 
donkeys, sheep, camels, monk 
man (sleeping sickness). Then 
are the modified hemoflagellates 
manias) which cause cutaneous and 
ceral diseases in man and dogs. 
Malarial parasites and related 
There are three distinct species 
larial infection in man. In m 
there are several types of malarial 
sites. Other mammals also harbor 
sites of this group, but it seems 
gether likely that they are all di 
one from another. The piroplasms 
plasms, ete., which infect red blood 


i 


are not known to infect man but 
stitute a serious group of infecti 
cattle, sheep, horses, caniels, etc 
cidia infest rabbits, sheep, cattl 
dogs and cats and occasionally de\ 
in man. Most of these coccidia 
eated in the walls of the intestines 
in rabbits they infest the liver. H 
and cattle, camels and sheep ar 
times afflicted with a protozoan inf 
of the flesh known as Sarcocystis, 
man has been reported to have incurr 
this disease. 

Ciliates. There are several ciliat 
protozoa which live in the intesti 
tract of mammals. Some of these 
located in the stomachs of ruminants 
The most widely known species, Balan 
tidium coli, is a parasite of the la: 
bowel of the hog, monkey and man. In 
man, at least, it is at times associated 
with a severe dysentery. 
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rms and tukes., 


Nes, tapew 
There are many 


i rvs. 





species Ol tapew' rms intes 


I 
s. The 


t, sexually mature 1 


majority ol 


Wall of their host, Dut 


ntestinal 


§ eases they are tound in the 

i state 1n other organs of the body 
species of mammals have tapeworms. 

. if these worms are only a lew 
eters in length while others a1 


ral meters long. The 
in the dog’s intestine Is an ex- 
the first type; the human beef 


In most 


worm, of the second type. 
the 


is inconvenience to the host, but at 


stances infection does not cause 
mes intestinal upsets, nervous disorders 
| profound anemias are attributed to 
se worms. All the tapeworms, with 
> exception of some of the dwarf spe- 
ies (Hymenolepis spp.), require at least 
intermediate host. 
e mammal serves as the adult host and 


intermediate 


In many forms 
other as the larval or 
st. The following will 
Taenia hydatigena, dog 
(larval 


ex- 
adult 
Taenia 
larval) : 
rab- 


serve as 
mples: 
sheep, goat, pig 
sheep, goat 
adult 
taeniformis, cat 


is, dog (adult 


Taenia dog 


pistformis, 


bits (larval): TYaenia 


idult), rat (larval Taenia multiceps, 
dog (adult), sheep, goat, ox, horse (lar- 
val); Taenta serialis, dog (adult), rab- 
bit (larval); Echinococcus granulosus, 


¢ (adult), sheep, ox, pig, man (lar- 
val). It will be 
how important the dog is in spreading 


these infections, in which the larva is a 


seen from this series 


lar more serious pathogene than the 
adult worm. 

Flukes. These worms are interesting 
but peculiar forms. All those found in 
mammals require some snail as a first 
intermediate host and some species re- 
quire a second intermediate host as well. 
In certain types the mammal incurs the 
infection from consumption of herbage 
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out of their s! sts 
evsted | S l 

u tions S 

camels, et Ot ! . 

dogs and eats and \ 

beavers, martens 

orous anil ! 
consumptio1 1 | 
lung-flu ( nes { 
dog and man Is 

sumptl m ol intested raw ( 
crayfishes lr) l-flukes 

cattle, sheep, camels, 1 nd 1 
vade the mamn n SKiIn int 

stage and migrate to the p 

vessels. 

Roundworms L hie roundy Ss ] 
mammals are legion. While the m r 
ity of them are found in the digestiy 
ract, some Important groups get Int 
the muscles; others live in the b 1 and 
lymph spaces; still others have a pri 


dilection for the lungs, kidney 


Most of these species have relatively sin 
ple life histories, but some require inte! 
Those which get in 


hosts. 


mediate 


body via the mouth are introduced as 
contamination of food or drink; thos: 
which use the skin as a portal of entry 
are usually introduced by the bit 
fly. The ‘‘stomach-worm’’ (As 
the whipworm and the pinworm are « 
amples of the former type . +} 
filarial infections are representat 
the latter tvpe. The gui worm is 
example of a most interesting typ 
enters passively by accidental 1 
of water-fleas (Cyclops spp.) parasit 
by the mature larval stage of the worn 
and emerges through a skin punct 
made by the gravid female worm at t 
time she is ready to discharge her pr 
geny of wriggling larvae. 
GENERAL CONSIDERATIONS 

It may be inferred from a consider 
tion of the foregoing types of animal 

1The hookworm and related species const 
tute exceptions to this rule. 
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parasites of mammals that there is no 
strict line of cleavage between those 
forms found associated with wild mam- 
mals and those asseciated with mammals 
under domestication. Since all mam- 
mals were originally in the wild state 
and since parasitism undoubtedly ante- 
dates all known records, it is safe to 
assume that wild mammals were para- 
sitized even at the time when they were 
emerging from their more lowly ances- 
tors. Those species of parasites which 
have reached the nearest equilibrium 
with the tissues of their host, 7.e., those 
which cause least damage to the host, 
are possibly the forms that became asso- 
ciated earliest in this host-parasite rela- 
tionship. 

Undoubtedly in the past, as at present, 
epidemics with parasites have wiped out 
entire species of wild animals or have, 
at least, limited their distribution. 
However, animals in confinement are 
much more liable to infections of this 
kind. Man has acquired his animal 
parasites in three ways: (1) by eating 
the raw flesh of wild or domestic animals 
harboring the larval stage of the infec- 
tion; (2) by skin and mouth contamina- 
tion with stages of the parasite from 
mammalian sources, and (3) by insect 
bites, causing the introduction of para- 
sites which have come from mammals to 
man. Of course many animal parasites 
of one host have failed to become 
adapted to other hosts exposed to infee- 
tion. This fact has kept these infections 
more or less within limits. Likewise, 
certain species of parasites, while re- 
taining their structural identity, have 
become physiologically different in dif- 
ferent hosts, so that the parasite of one 
host is not interchangeable with that of 
another. This fact also tends to keep 
these infections within bounds. 

Immunity reactions of mammals to 
animal parasites are much less complete 


than they are to bacteria. I; 
seems likely that there is no 
immunity of any mammal to 


parasite, although certain ind 


manifest a partial immunity to 
to Ascaris infection and to 
infection. A relative age im: 
developed in the case of Asca 
in that of the strongyle, Ha 
in sheep, and of the dwarf 
in rodents and man. 

The economic loss occasi 
mal parasite infections of 
the wild, in zoological 
cattle, sheep, pig and 
localities amounts to a 
on natural resources 
greater than any intrinsic 


? 


might be placed on it. Likey 


human welfare, the illness and 


ity for work due to malaria, | 


‘ 


disease and other animal-parasit: 


tion is too great and too wide-s; 


be measured by monetary star 


Prevention of these infections r 


first of all, a knowledge of the lif 


of all the species of parasites 
likewise, acquaintance with tl 
points in the life eyele where 
site may be most easily attac!] 


the next place, it is necessary t 


such methods as will be most pract 


Theoretically, the avoidance 


tamination with infested excvet 
screening from insects are the mo 


Ol 


mon general methods of attack. 


therapy is also an important line 


cedure. Quarantine measures 
signed to stop the spread of in 


Here, again, the problem ean | 


f 


only by an intimate acquaintan 


the spe ific merits of the ease. 


From both a physiological and a 


tical view-point the animal inf 
mammals constitute one of the 


m 


gaging group of problems in pres 


zoology or medicine. 
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is and their complications have been 2,459 freshmen 
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if to frequen 


ee physicians for advice 
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of Cornell 


the male students 
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or more eolds a year. Among the 468 


normal (not more than three colds a 


year) women students and 732 normal 
} 


men students throughout the twenty- 
two weeks in which colds were recorded, 
there was no week when more than 1: 
per cent. of the 

no week when less than 3 per cent. 

a cold. Among the 147 cold-susceptible 
women students and the 278 ecold- 
susceptible men students, there were 
weeks when 60 to 62 per cent. of the 
groups had a cold and there was no 
week when less than 19 per cent. of the 
group had a eold. 

A study* of the 815 male members of 
the entering class, in the fall of 1927, 
showed that 17.9 per cent. of them were 
cold susceptible (had four or more colds 
a year) and that same group had aver- 
aged 4.31 infectious diseases per person 
by college entrance as against an aver- 
age of 3.68 infectious diseases per per- 
son, among the normal (never more 
than three colds a year) group. 

From the above data we have con- 
cluded that there is one group of stu- 
dents (17.9 to 27.5 per cent.) who are 
unduly susceptible to all infectious dis- 
eases and particularly so to colds. And, 
furthermore, it is in this group we be- 
lieve that our winter epidemics of colds 
occur, since the eurve of colds in the 
normal group is flat and practically 
devoid of any epidemic peak. 


THe Coup Epmemic, ENTIRELY A 
WINTER PHENOMENON 


For the past 18 years there has been 
no winter when our student body has 
escaped having an epidemic of colds 
sometime during the dark, cold period 
between December 1 and March 31, 
though the peak for the year 1920-1921 
was a very slight one.’ There are many 
conditions which obtain in our student 
body during this winter period which do 

4‘*Cold-susceptibles vs. Normals, Physique 
and Past Medical History,’’ Am. J. Hygiene, 
ix, 2, 473-476, March, 1929. 
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which might quite cone 
the resistance of our col 


group en massé The atn 
our lecture halls and recitat 
throughout the winter months 
be hot, dry, quiet and consid 
luted by infective moistw 

talked, coughed or ezed 

many throats. Windows ar 
here and there and adequate n 


systems of ventilation are in 
in a few of the more modern | 
but in order to keep the feet w 
comfortable through the hour 
age lecturer or instructor | 
that windows ean be opened ( 
conservatively, if at all. Thus 
end of the hour the student 1 
quently steps out abruptly from 
room with a_ temperature 
Fahrenheit and a relative humi 
29 per cent. into an outside atn 
with a temperature of zero Fa 
and a relative humidity of 70 p 
This marked difference in atm 
conditions, the New York State ( 
sion on Ventilation found, results 
paling, a swelling and non-r 
condition of the mucous memb: 
the nose, as well as in a decreas 
mobilization powers of the “i 
bodies’’ in the blood stream. <A 
ing of cold incidence at Cornell 
average temperature, month for 1 
throughout the period, 1912-191 
1924-1925, showed a definite reci; 
relationship between the two.’ 

In spite of our earnest eff 

prot 


popularize the use of the *“* 
foodstuffs,’’ such as milk, leafy 
tables and citrous fruits, a large 
ber of college students still fail 
clude adequate amounts of these 
in their daily diet. As a result, 
not uncommon to find the alkalin 
serve at a point we would consider 
or low-normal. And when in 
winter the vegetables they do e: 
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definite reciprocal relationship _ be- 
n the two. 
We have, therefore, been led to con- 





le that some of the important factors 
for the 
our cold-susceptible students are 





sponsible cold epidemics 





ne 





ventilation, faulty diet and lack 
of the skin 





iltra-violet irradiation 
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Previous ATTEMPTS AT CONTROL OF 
Coup EPIDEMICS 






A large number of the experiments 
signed to control just one of the cold- 


above 






isative factors enumerated 





given surprisingly favorable re- 
ts. Thus the New York State Com- 







ssion on Ventilation reports a uni 
rmly decreased incidence Oo! eolds 
ig school ehildren whose _ school- 





are ventilated by the modern 
modified window method rather than by 
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rs report a decreased incidence of ec 
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helping of fruit, one or two salads, and 
very little candy or sweets. 

(2) All those students who classify 
themselves as cold-suseeptible (usually 
having colds four or more times a year 
rominal fee and 
there to 


are urged to pay a 


join a ‘‘cold-prevention elass,’’ 
receive the following treatment: 

A) A _ fifteen-minute 
light bath is 
October 
week 


ultra-violet 


riven once a week from 
December, 
through 


through 


twice a 

March, 
again April. 
(Solaria using Everready Sunshine ear- 
ares, Electric Type Sl] 
lamps, and Cooper-Hewitt mercury ares 


through 
from January 
once a week 


bon General 
in ecorex D glass tubes and accommodat- 
ing 150 per hour have 
installed. ) 

(B) Since we found that the alkaline 
reserve in a group of cold susceptibles 


students been 


was in many cases lower than that in a 
group of cold immunes, we have been 
issuing to the cold susceptibles joining 
the class one ounce packages of a pow- 
der composed of equal parts of sodium 
bicarbonate and magnesium 
flavored with oil of peppermint, with 
the directions to ‘‘take one teaspoonful 
in a glass of water twice a day for three 


earbonate 


days whenever the nose runs or the 
throat feels sore. 

(C) In those 
continue to occur in spite of the above 
régime a careful study of the nose, 
throat and sinuses is made. Where a 
chroni¢c sinusitis with the 
structurally normal, an antogenous vac- 
cine is made up and given subcutane- 


>’? 


persons whose colds 


exists nose 


ously in 1 ce doses once a week through 


the year. Where sinuses, nose and 
throat seem normal, a mixed stock catar- 
rhal vaccine is given in 1 ce doses once 
a week for a varying period. Where 
nasal obstruction, empyema of sinuses or 
chronic infection of tonsils demand it, 
operation is advised. 

(D) A sheet of specific instructions 
concerning diet, alkalinization, ventila- 
tion, sleep and ultra-violet irradiation is 
given each member of the class. 
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RESULTS IN COLD-SUSCEI 
Group TREATED 

Each week during the peri 
ment, each of the e 
tion 


member 


class fills out a slip ] 
follows: 
Date 
Name 
Have you had a cold during tl 
Yes 
No 


also a eontrol er 


Each 


similar cold susceptibles, untreat 


week 


simply under observation in a 
hygiene class, fills out a simil 
The November, 1929, 


January, 1930, were as follows: 


results, 


100 cold-susceptible 
students under 
treatment 

38 cold-susceptible 
male students 

untreated 76 54 


Per cent. 


reduction, 4? 





The results,’ February, 1930, 
April, 1930, were as follows: 





with 


number 


Total 

colds 
continuous colds 
N umber 


of 


98 cold-susceptible 
male students 
under treatment 
cold-susceptible 
male students 
untreated 

Per cent. reduction, 


80 2 
58.26 


7**Further Observations on Contr 
Common Colds by Ultra-violet Rays,’ 
Actinotherapy and Physiotherapy, y¥, 
September, 1930. 





COLD PREVENTIVE WORK 

COMMENT body is to | 

york so far has had to be largely ver, we could 
to the male students, since the 
students have not shown suffi- 
nterest to pay the nominal fee 

the treatments in number to 300 of 
nouch to be significant ason grounds for beli 


} 
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is may be, first, that women are demies in the wl 
so much troubled by colds; second, be considerabl) 
ssible that the women students 
to the nee ‘Ssity of taking the 
ments nude, even though in their 
solarium operated by women and our commonest 
din the women’s medical adviser’s ‘disability. 
(2 Cold epiden ics ¢ 
results we obtained in the small the 17.9 to 27.5 per 
n of women who joined the ‘‘eold- definitely eold sus 
vention class,’’ February, 1930, very little the norm: 
rh April, 1930, were as follows: (3) A combinati 
methods applied 
susceptible male stud 


has resulted in a 


colds 
vith 


f 


08.26 per cent. in cold incidence 
(4) Diffieulty has n encountered 


in getting the cooperation of women 


‘ 
y 
Oo 


al number 
apiece 


imbe r 
colds 
Yumber 


colds 


students and in t! e Vi ry sn il] group of 


Tr. 
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cold-susceptible women who have joined 
ld-susceptible the ‘‘eold-prevention class’’ a reduction 
1-susceptible was noted in the first experiment 
iale students (5) We have theoretical grounds for 
ntreated . } believing that attacking the colds in the 
Per cent. reduction, 19.9 cold-susceptible group will prove to be 
an effective way of modifying or avert 
To expect at this early stage of the ing the usual cold epidemics of our stu 
ganized work (it is now only in its dent body. We have as 
ird term) to note a measurable reduc- evidence to present in 


n in the eolds of the whole student this belief. 





PALMS OF THE CONTINENTAL UNITED 
STATES 


By Dr. JOHN K. SMALL 


NEW YORK BOTANICAL GARDEN 


ALTHOUGH millions of people outside Palms were thus, apparently 
of the tropics are acquainted with palms, more widely distributed over th¢ 
their acquaintance is limited largely to the earth in past geologic times t 
potted plants; and it is not, as one may present, but the number of « 
well believe, under such circumstances’ kinds living at any one time, } 
that palms reveal themselves to be what did not rival the aggregate existi 
they have so properly been termed: day, which is approximately twelv 
‘*Prineces of the vegetable kingdom.’’ dred species. About the same nu 
While there are many kinds, it is true, species as are now living in t! 
that develop well in large greenhouses, nental United States are reco! 


most of the specimens grown indoors are’ the past ages by the fossil remai 
puny; or even if well developed, their all parts of North America. 


+ 


surroundings so detract from their true In modern times there are ty 
characteristics that much of their natural centers of geographic distributi 
beauty is lost. palms—tropical America and 
Only in the tropics or in the outlying Asia. There isa minor center in t 
areas of natural distribution in temper- Africa. 
ate regions, where nature has planted Instead of extending into the 
them and given them a chance to grow, arctic regions as they formerly d 
either singly or en masse, does one get northern geographic limits are 1 
the true idea of the majesty of this the southern United States, so 
unique and highly characteristic group Europe, Afghanistan and __ sout 
of plants. Japan, while the southern li 
During the later geologic ages palms America is about middle Chile, 
grew in most parts of North America, other words, the geographie distri! 
as is shown by the fossils preserved in is within 38° north latitude ; 
the strata of the continent. Remains of south latitude, in regions with 
the various organs, mostly leaves, have age temperature of 60° Fahren!| 
been found not only in temperate North more, and a minimum rarely, 
America, but also as far north of the below zero. 
Arctie Cirele as collectors have thus far If palms were wide-spread in N 
penetrated. Owing chiefly to the firm America up to the ice ages, they 
substance of their tissues, moreover, the then pushed southward, perhaps be: 
minutiae of some of these ancient palms their present northern limits, for 
have been preserved to us in the greatest may have regained some of the ter 
detail. These palms of the North oe- since the retreat of the ice. bh 
curred mostly, if not wholly, in the later palms were likely tropical. Her 
geologic ages, being most abundantly that populated temperate North A1 
preserved in the strata of the Tertiary migrated northward. The ancestor 
period, although they definitely ap- those now on the Atlantic seaboard ' 
peared, developed and multiplied in the naturally have come from the West 
preceding period, the Cretaceous. dian region while those of the p 
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NEEDLE PALM (RHAPIDOPHYLLUM HYSTRIX 
GROWING IN ALLUVIUM IN al I VER M\ MP, NOR p KF 


PALMETTO PALM, TEXAN 


Californian species would have come 
CABBAGE TREI Saba 


through Mexico However, there is one Seen Dineen Gaus 
palm mystery with us—the needle palm. Ae 
The present relatives of this unique Bi STE) 
palm are on the opposite side of the Patmerro wr 
clobe This condition, however, 1s not Sabal Deeringiana 
» SAW PALMETTO 
altogether unusual, for there are several 

herbaceous and woody plants in the flora 

of our Southeastern states thus isolated 

A record of the geologic, meteoric and 

biologie changes in the great hiatus dur 

ing which such fundamental changes 

took place would be most instructive and 


entertaining.’ 


Coconut PALM—Co cifera The history of the palms ol Tl 


BuccaNEER PauM, HoG-Carpace Pawn, * tinental United States covers mor 


GENT PALM—Pseudophoe r vinifera. . , na , 
ag ‘ four centuries. The earliest refer 
RoyAL PALM—Roystonea 
DATE PALM—Phoen da 
(CABBAGE TREE, CABBAGI 

PaLM, TREE PaLMeTTo, SwampP tino.2 This Rio de las Palmas is 

Sabal Palmetto T) 

Mol 
JAMES’ PALMETTO—Sabal James . : 
the credit of being the first Europe in 


seems to be embodied in the ‘* Rio d: 
Palmas’’ on the map of Alberto | 


igh to the famous Ponee de Le 


4 


1 The following list gives the botanical names on the shores of the North American 


of the palms of the continental United States we are confronted with two ancient and 


and their equivalent common names The latter tic maps, one dated 1502 and a second 


are used throughout this articl eleven and again five vears bef 
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SAW PALMETTO (SERENOA REPENS 
MS, GROWING IN 


AST OF TAMPA Bay 


nately from the more or less abbreviated 


midrib, which represents the remains of 
the rachis of the leaves of the pinnate 


type, and prolonged into lobes or seg- 
ments beyond the body of the blade. 
Consequently the fan palms may _ be 
classed into two groups which may be 
designated. Palmatae and Pinnati-pal 
matae. The latter group embraces the 
cabbage trees or palmettos, the fanleaf, 
the saw-cabbage and the needle palms 
The former group, or that of the truly 
palmate or flabellate palms, comprises 
the saw palmetto, the thatch and the 
silver palms 

The geographic distribution of the liv 
ing palms of the United States is almost 
identical with that of the flowering 
epiphytes or alr plants The state of 


Virginia. howeve r, Is not invaded by the 


palms, while Arkansas in the East and 
California in the West must be added to 


the eredit of the palms alone The gveo- 


vrap 


stated 
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ue distribution 


thus 


Thre 
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in Arkansas, Louisana 


southern California ly 


or ographie distribution 


relation to 


derstood (I 
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ever 
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COCONU'] 


palms, the cabbage tree, the blue stem, 
the needle palm, and the saw palmetto, 
three 


Plain 


together venera, In 
the Atlantic 
Florida. 

The cabbage tree now 
north than other of 
Curiously enough, however, it 
from the Gulf Coast 
Andrew's Bay, Florida, although condi 
tions along the Gulf of Mexico seem to be 


representing 


Coastal north of 


ranges farther 


any our species 
is absent 


westward of Saint 


favorable for its growth, at least nearly 


or quite as much so as those that obtain 


north of 
the Gulf 


eold storms 


along the Atlantic Coast 
Florida. Its 


may be 


absenee from 


Coast oceasioned by 
that sweep down through the Mississippi 
Valley, where there is less high land and 
no mountain chains to temper them as 
there are back of the Atlantie seaboard. 

However, this north- 
south extension of range may be the re 


well-marked, 


sult of the passage of migratory birds, 
plus favorable temperature and other 
elimatie conditions. Peninsular Florida 
is, and perhaps was formerly, at least in 
recent geologic time, the center of the 
geographic distribution of the cabbage 


trees. The general course of flight of 





migratory birds is north and s 


and west Birds 
the 
Although they may retai 


in their alimentary but 


not east ma: 


carried seeds of this palm 


ward. 
canal 
they 


time may 


vear alter vear 
the 


northward in the 


and 
Plan 
palm 


carried seed farther 
Coastal 
slow stages of progress the 
thus have gradually accommodated 
to a cooler and more changeable ¢ 
until it reached its limit of endura 
Cape Hatteras. 


was still 


This seemed vood 1 


even when it pure supposit 
but recently an actual case of the 1 
tion of two of our native palms has 
Thus, the nort 


geographic limit of the silver pal 


to our notice. 
til lately was in the vicinity of the M 
River on the Everglade Keys in sout 
peninsular Florida, but within th: 
relatively few years the northern 

has actually been extended over se 
miles, or than a hundred 

northward of its Floridian center « 


more 


velopment. 

The fruits of this palm are black 
meaty, and are esteemed as food not 
by various birds but by other anima 
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ROYAL PALM (ROYSTONEA REGIA 


GROWING IN MA IN ROYAL-PA , on 


the natural development of this tender 
tropical palm northward, but the temper 
ing effeets of the canal. the lagoons, the 


marshes, and the nearby ocean, although 





they are slight, may be sufficient to en 
able the palm growing directly on the 
warm banks to survive the cold spells 
of the winters. 

On the other hand, some of our palms 
are retreating to a highly circumscribed 
area. Take the royal palm for an exam 
ple. William Bartram found this palm 
far ‘‘up’’ (really down) the Saint 
John’s River—between Lake George and 
Lake Dexter shortly after the middle 
of the eighteenth century, for he records 
that: 


The palm trees here seem to be of a different Bue 


species from the eabbage tree; their straight 
trunks are sixty, eighty, or ninety feet high, 
with a beautiful taper, of a bright ash colour, 


until within six or seven feet of the top, where 


ANEER 


PALM PSEUDOPHO 
VINIFERA 
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states To paims 
Coastal Pl: 
palms—the 
palm just me 


north of the fall lin 
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BRITTLE THATCH (THRINAX that with these exceptions the palms } 
MICROCARPA only are confined to e Coastal P 
but that they, for the most part 


in the lower parts « 
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PALMETTO PALM (SABAL TEXANA 
AY AND FORMIN NG THE LOWER 

One state in the East remains to be ida after its advent in the New 
considered: it is both an Atlantic state through the agency of the early S| 
and a Gulf state, namely, Florida. In expeditioners, either through nat 
fact floristically it is largely ‘‘a law unto artificial channels, while the dat 


itself?’ among the contiguous states It has been introduced through cult 


is no wonder that Florida with its and the scattering of seeds. Of th 
unique geographic position and long native genera, one—the needle pa 

peninsula, flanked on both sides by vast limited to the southeastern | 
bodies of warm water, and whose south States, while seven others have s 
ern extremity is situated farther south growing naturally in the West | 
than any other part of the continental Curiously enough, none of the s} 
United States and continuously bathed growing naturally in Florida océ 
with the tropical waters of the Gulf the continental tropies, except the 
Stream, is naturally and preeminently widely distributed and extensivel) 
the State of Palms. For the same __ tivated coconut palm 

reasons, it is the banner state for the The following coincidence is int 
epiphytic ferns, as well as for the flower- ing: In the case of the flowering 
ing air plants. Within its boundaries plants, whose geographic distribut 

may be found every palm already men- almost identical with that of the p 
tioned, except the palmetto palm and the in the eastern United States, all ey 
bayou palmetto, and in addition, ten one endemic species of southern 1 
other species. All the species of palms occur in Florida; likewise all the s| 
within the geographic limits covered by of palms in the eastern United St 
this article but two are native. The except one endemic kind in sout 
coconut palm was introduced into Flor- Texas and also one in Louisiana, « 
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JAMES’ PALMI 
aborigines before the coming of the white and of Mexico, with indication 
man. reographie distribution and 
The remaining palms to be considered = Coco 
erow in a region far distant from that 
already described ; they are the fanleat 
or desert palms of the Pacifie slope 
These plants are the only conspicuous 
exception in the parallel of the geo 
graphie distribution of the palms of the 
United States and that of the flowering 
epiphytes. 

Following is a list of the palms of 
North America north of the West Indies ( 


tor animats 


; 


ivated 


: . to ¢ aleoholic 
(\pparent v only one of these palms 1s native into an a . 
‘ : ’ for fattening hog y wud is e 
in California. Che second known species, W.ro ittening . t li 
8 , RoyaL Pa.) Sout] peninsular 
busta, native in Lower California, is extensively z : 

, “pee : ye rhaps formerly more widely distt 
cultivated in southern California and mav be : ; 
' 4 1 ' . the peninsula (W . Cultivated f 
naturalized there . filifera, o1 erhaps a om : : 

| | ment. The spathes are employed for 


third species, has been discovered n western or wrapping vario oh iecte The 


\rizona. ised for fattening hogs 
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WASHINGTON PALM WASHINGTONIA 


FILIFERA 


ENILE, GROWING IN GRANITI¢ 


oF A THOUSAND PALMS NEAR 


palms are found on the Atlantie coast’’ 


of course, meaning the Atlantie sea 
hoard. 
decade of the 


exploration in 


the last nine 
teenth century, 
lorida 
heht, 


sixteen different kinds of palms growing 


During 
southern 
additional 


species to 


brought 


so that now we know definitely of 


without cultivation in the Coastal Plain 
between Cape Hatteras, in North Caro 
lina, and the mouth of the Rio Grande 
the 
seventeenth species is the fanleaf palm 
Although the 


in Texas. The additional palm or 


of California. Pacifie 


the third pinnate-leaved palm, Pseudophoeniz, 
Florida 


was not discovered in until six vears 


after its publication. 
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slope Cah cla 
can boast of thi 

The roval pain 
the 


our palms 


may rival fanleat palm 


n height, but it lacks the 
of the trunk 

The 
Interesting 
ide of the 


origin ot our native 
proble Ih yy 
eontinent the or 


> ; 
TOUSNTE 


and 


phoe id, 
Paw 


while on 


(C‘nccothrinaa 
Antillean 
NW ashingtonia 
Pacific The 


venera, represented by the 


origin, 
side 
and forms 
and the needle palm, are 
The 
tillean types, 
Rhaphidophyllum 

Asia In 


teresting former 
while the 
are lar 


shores ot 


it is unique in our flora. It 


ned, Sahai 


Is related 


structure a 


Is 
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MODERN YOUTH AND THE RESEARCH SP 


By Professor J. O. HERTZLER 


(our n 
ever changing New socla 
problems are evident on 
Cherished and long-stand 
‘lal, ethieal, economie and politic: 


View-poimnts and institutions are being 


. 1 | “ 
criticized and modified or even abar failing 


; mm 1] , } , Oo vations } 
doned The worta ol arts and the bliga lon) ] ‘ 
dents and, throug! 


tion at large, the re 


spiritual life are in upheaval. New 
challenges must be faced and new ad 
justments of all kinds must be made 
continually if the individual is to be a 
reasonably intelligent and = suecessful This research sp 
participant in life. There is no place’ thinkine and th 
in this modern world for the person who Of first rank importance 
acts only on the basis of instinet, habit sire to know The perso vit} 
and routine or rule of thumb search spirit has a boundless 
Any edueation worthy of the name, curiosity, an abiding passion 
therefore, must consist of more than an and for understanding 
accumulation of standardized facts and amone them He does 
the acquisition of the contemporary traffic with untruth or 
culture. We are also beginning to see what he surmises would 
that it should give more than the mas To make this discovery of trut] 
tery of some technique, more than mere ble several other attitudes are ess 
preparation for meeting the conventional He seeks to develop a meticulous 
requirements of life at the moment cision of observation study, 1 
Education to-day must develop the statement To be sure that he 
powers that will give the individual faeing all sides he is tol 
facility to use the acquired knowledge and devoid of sentimentality 
and techniques But he must have not willine to recognize and examine 
only faculty and versatility; he requires gent claims. Dogmatism is 
also the attitudes that will enable him him. and he insists that all that 
to get at truth. orient himself to it to be faet or trutl demonstt 
apply it in the future by himself ¢ quality in the forum of lift 
cation must produce a capacity for in His attitude is always crit 


terpretation that will enable’ him skeptical. He never thinks that 


make a workable mental and social ad dence is all in The most 


justment to the trends of a changing witnesses may 


world It must awaken in him an in will continue si 
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l in. He questions all dogmas and 
ries, all precedents and traditions, 
solutions and methods until he has 
| opportunity to examine them or in- 
himself as fully as possible respect- 
em. He is somewhat skeptical of 
ithority and permits himself no 
ties save truth and reality. He 

; suspicious of strong partisanship, of 
that 
enuously pressed claims and sugar- 
He is critical of all that 


statie or 


smacks of propaganda, all 
ideas. 
feeling that it may be 
and of all that is new because 
be untried or premature. But 
either old or new if it 
ets the tests. With Paul of Tarsus, 
would test all things and hold fast 
His is 


accept 


which proves to be good. 
implicit willingness to follow free in- 
iiry to an unwelcome conclusion. 
The individual with the research spirit 
omposed when confronted by change, 
wever revolutionary it may be; in 
t, being mindful that everything is 
state of continual flux, he antici- 
schange. He adjusts himself with- 
it panie or fear, for he knows that the 
uth that yet lies hidden will be grad- 
ily revealed and may, as history 
idly teaches, overturn many or all 
existing conclusions and methods. 
t is a spirit that, while keeping the 
individual humble before truth, does not 
permit an attitude of resignation, defeat 
r indifference. Neither does it allow 
mplacence. Inherent in it is hope of 
solution and confidence in reason. 
Patience is also innate here. Inves- 
tigation is not hurried along to a conclu- 
The best truth available at the 
moment is deliberately sought. But 
when he is sure of his truth the worker 
hesitates not a moment in putting it into 
effect. For truth is no end in itself, in 
his opinion, but a means to fulness of 
life and to social progress. 
There is also inherent in the research 
spirit a discipline which produces facil- 
ity in analysis, interpretation and con- 


l 


$10n, 


clusion. 


SeCCS fact 

quence to an inerral al 
table conelusion. He develops : 
method of thought bl 
to penetrate contusio! 

and lay bare facts whicl 

to make an 

The 


clearly, see 


effectively 


tions. 


ment. 

Finally the research 
the 
tion 


individual new po. 


and inventiveness 
connecting fact with fact and reas 


- 


from eause to effect enables hin 


transcend the existing and conte 
neous and pass logically in 
the but non 
next step, even the remote 
The research stretches the 
and exalts the spirit as it carrie 
farther on his upward flight. It 
creative spirit. 

Thus the research spirit is the philo 
procedure 


tempered and 


his ml 
necessary -existent, fT 
future 


ideal 


sophical essence of scientific 
It is an outlook on life 
disciplined by the scientific method of 
facts. It 
approach to problems, yet idealistic and 


arriving at is realistic in its 
even spiritual in its interpretations and 
solutions. The writer’s thesis is that it 
offers an eminently desirable, even in 
dispensable, philosophy of life for men 
at large, but especially for modern youth 
in this more or less chaotie and disillu 
sioned age. It is not offered as a cure 
all, for it is by no means all the young 
people need. It must also be remem 
bered that not all 
research are models of 
spirit. Some of the 


mentally insecure persons are scientists 


people engaged in 
the 
most bigoted 


research 


and 


of competence in their own special field ; 
but their research spirit is applied only 
in that field. 
eance the individual must utilize it in 
all his thinking. Itself a by-product of 


To have its fullest signifi- 
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this age, it is also one of its important 
remedies. 

The writer is a social scientist and has 
also for twelve years been the teacher, 


friend and father confessor of university 


students. What does he see, as he looks 


out on life, that leads him to think that 
the research spirit should be developed 
as far as possible in students to aid them 


in their life problems ? 


It 


Ours is an intricate mechanical world 
full of ever-multiplying devices, attach- 
ments and appliances. They are in- 
creasing the nervous tension and occu- 
pational hazards of millions. They 
touch almost every moment and aspect 
of our lives, making them more complex 
and artificial. They have claimed our 
bodies and our time. Shall they also 
claim our souls? 

This is a shrinking world as well as a 
mechanical one. The recent develop- 
ments in transportation and communi- 
cation have suddenly thrust upon the 
individual a vast and unprecedented 
number and variety of culture elements 
from every corner of the earth. The 
relocation or breakdown of political 
boundaries and of economic and racial 
barriers since the war has also accentu- 
ated and brought to the consciousness of 
the rank and file a whole series of new, 
danger-laden problems. The individual 
must withstand the shock of contact with 
all these new culture elements and prob- 
lems, choose among them, maintain his 
mental, moral and spiritual balance and 
arrive at workable conclusions. 

This is also a world that is filling up. 
The world population has doubled in the 
last century and is now increasing at an 
unprecedented rate. This makes social 
relationships ever more complex and 
impersonal, and anti-social action be- 
comes easier. It imposes new obliga- 
tions upon us as consumers of resources, 
as users of machines and as potential 
progenitors of future generations. It 
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causes the division of labor t 
more extensive and intricate, ir 
the mutual dependence of indiy 
and nations. Furtherm 
numbers increase in a world of 


classes 


area and diminishing returns, 
tional economic rivalry results a 
this arises a never-ending series « 
that continually threaten and | 
cally disturb the peace of the wor] 
avoid war we need the research 
above all, for not superficial but 
and fundamental remedies mu 
found that will check it at its 
namely, human reproduction. 

In every country modern govern: 
has become very complex as it | 
Am 
especially, its details have come 
sO numerous, so involved and so 
cal that the average citizen does not 
ean not know about them. W 
cisions must be made he takes refug 
his party creed and swallows his part 
eatchwords and slogans without 
punction. Since he thinks little 
himself he becomes a fundamentalist 
polities, using the doctrines of gov 
ment established by an agricultural! 
stage-coach people, and accepting 
Constitution in its textual literalness 
1790 and not in its essential interp! 
tions of 1930. He acts on the basis 
stereotypes or of a public opinion mai 
factured by propaganda and count 
propaganda working upon his tr 
tions, prejudices, aversions or his inert 
And finally, if he votes at all, he 
usually one of only about 30 per ce 
of the citizens entitled to vote. T 
future success of democracy demands 
willing, informed and 
citizens, able to penetrate to the bases 
political action and capable of part 
pating independently and intelligent 

Because of the absence of an effect 
public opinion and sound individual! 
formation or conviction, and yet being 
confronted in this democracy by a m 
of problems crying for treatment, w 


to assume new problems. In 


self-possess 














ins, especially, through our legis- 
have taken the easiest way and 
esorted to laws as means of coping 
em. ‘lhe consequence is that our 
» so numerous that we can know 
st none of them, little 

for or interest in enforcing them 


we have 
ve developed a growing disrespect 


laws. Our very plethora of laws 


made us lawless. 

‘ause of these problems growing 
of the complexity and diversity of 
lern life, the requirements of social 
rational action are more numerous 
frequent than before. Rela- 
y, however, the tried and established 
ns and materials for coping with 
less suitable than 


ever 


m are fewer and 
r before. Henee, what is needed 
ng the rank and file is a set of atti- 
les that 
ible us to evaluate 


make us socially alert, that 
social situations 


nd recognize anti-social acts. 


IV 
The enormous and continuous growth 
wealth presents There 
w is in America the greatest per capita 
wealth the world has ever known. But 
we have so mismanaged as to give un- 
precedented luxury te a few; we have 
ntensified the struggle for a living, in- 
reased our waste and produced a seri- 


challenges. 


ous unrest. 

We have erred in another way. Eco- 
nomie goods have become ends in them- 
selves. Modern business has engaged in 
ubiquitous advertising, the essence of 
whose appeal is that you can not be in- 
telligent or progressive unless you pur- 
hase every new product on the market 
Its maxim seems to be, 


ind display it. 
‘Set your hearts on the things of this 
world.’” This has made a kind of uni- 
versal prodigality obligatory among all 
Spiritual values, true culture, 


idsSSe@S 


appreciation of real beauty, service of 


the good, true and abiding cede to the 
tawdry display of dollar values. 
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2 machines have g n us mort 
leisure than men have ever had beforé 
nd yet we apparently have never had 
less real leisurs Somewhere \ | 
slipped. The machines that have giver 
us free time enable us—almost force us 
by suggestions, pressures and abnor 
mental or physical states—to misus 
Instead of becoming cods. s s nes 
anticipated when it developed these ma- 
chines and this contr re | ! 
slaves. 

The research spirit, with the use « 
historical fact, demonstrates that tl 


f material 


dominance < pursuits even 
brutal] es 
the people and leads to cultural and 


to keep our 


tually devitalizes a society, 
spiritual death. We have 
balance, establish criteria and get back 
to fundamentals. The spirit of research 
to distinguish the 


} 2] 
culturally 


alone will enable us 
abiding, the and 
sound from the opulent, the 
ized, advertised and futile. 
Not only do we live among standard 
ized things, but our minds are subjected 
to standardized from radio 
hookups, newspape 
addition we have huge national and in- 
such as Ki 


socially 
standard 


stimuli 
rs and movies. In 
ternational organizations 
wanis, Rotary, Lions and Optimists tha 
give us far-reaching, standardized inter 
pretations for the middle We 


our selling, buying 


classes. 
are standardized in 
and consuming, in our vices and virtues, 
or joys and sorrows, in leisure and work- 
ing, politics and religion. We are be- 
chain-store ar 


What is 


] ] . 
develop in us 


coming 


every respect. worse, 


standardizing agencies 
common feelings, 
and then, 
ously among us as they do in our present 


prejudices and fe 


tishes, operating simultane- 


state of concentrated populations, ire- 
quent distractions and lack of pr 


very easily produce crowd- 


ivacy 
and quiet, 
mindedness among us. We are in dan- 
marionettes with the 


ger of becoming 


strings pulled by 


syndicat ing 
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ists, advertisers, professional uplifters, 
political spell binders, evangelists or any 
one else who ean gain the questionable 
reputation of being an ‘‘authority’’ or 
the leader of the temporary cult of ‘‘the 
thing.’’ And, of course, as never before, 
the spinners of intellectual spider webs 
have their way and work their will upon 
us. 

Especially sinister, in view of the situ- 
ation just depicted, is the appalling 
apathy of a large number of our Amer- 
ican youth, as well as many older peo- 
ple, in the realm of ideas and ideals. 
They want to avoid being thought of as 
They do not seem to be 
or public 
So 


‘‘highbrow.”’ 
greatly interested in 
questions, social reform or progress. 
many of them swallow or at least aecept 
is taught them or what comes to 
these other agencies 
They 
are willing, nay eager, to conform to a 
type in the making of which they have 
done nothing. Many of them actually 
seem to approve of intellectual medioc- 
rity, credulity and slavish acceptance, 
and avoid criticizing or holding opinions. 

On the other hand, paradoxical as it 
may seem, the charge that our young 


social 


what 
them through all 
with despair-provoking readiness. 


people are in revolt can also be sus- 


tained. The younger generation in 
many cases are thoroughgoing critics of 
almost all conduct codes, customs, con- 
ventions and many of our social insti- 
tutions. Most of these they look upon 
as time-worn and largely worthless en- 
cystments. They take joy in seeing idols 
smashed and eagerly participate in the 
process. Above all they want to avoid 
any appearance of softness or sentimen- 
tality in themselves. They want free- 
dom from restraints imposed by earlier 
generations; they feel the urge to try 
themselves out in new social situations 
and strange environments; they yearn to 
taste the full flavor of their own freely 
expressed personalities. Along various 
lines they want a world of less protec- 
tion and security, more adventure, more 
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spontaneity, and they do most 
vo their own independent w: 
ting it. 
Vv 

Similarly as a reaction to t 
suppressed disgust with the f 
the 
propagandized, and unpleasant 
facts either 


‘* dressed up, a 


dise of war when everyt 


were ignored, d 
we have had 
still having an epidemic of 

Some of ¢ 


and ‘‘debunking.’’ 


tutions, especially marriage 
chureh, are being challenged; t! 
veoisie have been classified and d 
in detail; business and advert 
Main Street and Park Avenue ar 
debunked ; in fact, there are few 
precincts. History has been div 
most of its misguided patriotic tv 
and many of our great historic 
sonages have been demonstrated t 
had so much that was weak, pett: 
unscrupulous in their characters 
suspended between the old inte: 
tion and the new, we are no 
whether our so-called great were s 
or devils. Much of this dispelling ot 
truth and illusion is necessary, but 1 
are objectionable extremes that 
be considered. The sex novels 
**tough’’ plays, risqué movies and ‘‘t 
literature, under the g¢ 
with the aid of abnor 
have given us unbr 


rl 


story”’ 
realism and 
psychologies, 
license, and a sickening parade « 
pathological, the bizarre, the sho 
and the unbalanced. 

Real realism is most necessary. 
can conceive of nothing worse tl 
world of well-varnished untruths 
sticky sentimentalities inhabited by | 
lyannas. Most of us take great 
the exposure of some wilful misco1 
tion or sanctified absurdity. Mor: 

a prudish passing by of a bad mess 
both cowardly and silly. The veil n 
to be lifted, secret evils should be 
knowledged and the unlovely realities 


) 




















But instead of a crusade to 
in sO many 


faced. 
se sham our ‘‘realism’”’ 
ces has become ‘‘the cult of the seamy 
An honest, sincere, realistic fae- 
f social facts also points to the nor- 
the wholesome, the sound—even 
hopes, the ideals and the spiritual 
spects of life—as being equally valid 
rts of the true picture. Why make 
nd sewers synonymous? It is es- 
sential this distinction between 
realism and the cult of the malodorous 
nd abnormal. 
Now no one wants to go back to the 
isty artificial confines of the Victorian 
rid. At the same time one can not be 
1 a perpetual quagmire of uncertainty 
- skepticism. Here the research spirit 
sa peculiar appeal as a dominant in- 
tellectual prineiple. It is realistic in the 
rue sense of the word, for it points to 
rtain inescapable laws and ultimate 


no ¢ 


a 


to see 


values that even a lawless and skeptical 
learns that it must respect. 
VI 

Sinister also is the vast stock of nos- 
trums and which are offered 
us for every ill, personal or social, real 
r imaginary. These are similar to the 
All-healing Snake Oil ballyhooed by 
itinerant medicine venders from the back 
seats of surreys in Ohio towns when the 
writer was a boy. This great ‘‘nature’s 
remedy’? would cure everything from 
bunions to cancer. To-day religious ills 
may be promptly cured by any one of a 
dozen new cults. Amends may be made 
for our neglected health if we confine 
ourselves to foods with a given vitamin 
or take some other highly recommended 
pabulum. There are a dozen near- 
psychologies that will extricate us from 


cure-alls 


a variety of troublesome neuroses and 


naughty complexes. A whole collection 


{ panaceas is continually available to 
solve our social, political and economic 
problems, especially the major ones, such 
For the ills 


as crime, poverty and war. 
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6] 
ered sovietism, 
Our forgetfulness 
dozen different 


of nations we have off 
communism, fascism 
can be corrected by a halt 


memory which, if carefully 


lowed, Ww ill 


courses, 
remember the 


numbers, 


us To 


enable 
Te li phone 


addresses, 


names, 
occupations, businesses, church membe1 
ships, lodges and luncheon clubs of tet 


We are Like 


to grow as wise as Solomon or as culture 


thousand people (Sela! 


as Aristotle by purchasing two dollars’ 
worth of pamphletized books or the fa 
mous five-foot shelf. How the good Dr 
Eliot would turn in his grave and groan 
if he knew what a cure-all had been made 


of his collection! Some of these have 
a modicum of truth about them; others 


and 


should he 


are patent inanities insanities 


against which all 
Needless to say, intelligent people need 


insulated 


to make their way among them and be 
Here again the 
and 


able to evaluate them. 
research spirit is an ever-present 


indispensable help. 
VII 

The changes in science itself, and the 
uses as well as the misuses of science, 
necessitate the research spirit if the citi 
zen is to evaluate these changes properly 
and the requisite adaptations 
Our students, in the future, 
scientists or intelligent laymen, must be 


make 
either as 


ever open-minded, flexible and eager for 
the best truth and the best new conclu- 
sions. The revolutions in thought pre- 
cipitated by science, such as those con- 
nected with the 
Galileo, Newton, 
have just begun. 
to meet new facts in every field of scien- 
tifie endeavor. 
Furthermore, 
specialized and the amount of scientific 


names of Copernicus, 
Harvey and Darwin, 


We must be prepared 


science is becoming so 
knowledge so vast that the average citi- 
zen can not possibly know it all nor can 
he always utilize what he does know in 
his own life. Therefore each of us must 
become his own general scientist to some 
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extent. This is unthinkable without 
the research spirit. 

Certain precautions must be observed 
in the utilization of science that can only 
be dictated by the research spirit. The 
second-rate scientists, and especially the 
popularizers, promise anything, and lead 
large numbers of people, now easily con- 
ditioned to any reputed scientifie find- 
ings, to accept almost everything un- 
critically. Thus mere scientific assump- 
tions become dogma for many, and a 
new bigotry appears comparable to any 
other in its power of resistance to truth. 
Men still need to think. 

Science gives us prodigious power. 
How it is used depends upon the stand- 
ards and perspective of the individual 
and the traditions and ideals of the 
group. The same _ scientific training 
equips men for the discovery of an an- 
esthetic as of some poison gas, the pro- 
duction of the most deadly explosives as 
of the most effective soil fertilizers. The 
radio is an instrument that may con- 
found and exploit us, or it may give us 
the sublimest creations of man and en 
noble us. There is much truth in 
Thoreau’s statement, ‘‘Our inventions 
are improved means to an unimproved 
end.’’ We are, from many points of 
view, acquiring control of stupendous 
forces faster than we are developing the 
abilities to control ourselves. We are 
threatened with barbarism. Science can 
destroy our civilization; on the other 
hand, it is capable of converting the 
world into Utopia. Never before have 
men generally so needed real scientific 
background, mental poise, social per- 
spective, moral balance and courage and 
the ability to evaluate and foresee. 
Never before have they so needed the re- 
search spirit. 

Many of these college youth will enter 


professions or specialized technical eall- 
ings. These too are changing continu- 
ally. Research in chemistry, physiology, 
bacteriology and surgery is causing 
medical science to be in process of con- 


tinual change, and the succes 
must be able to incorporate t 
findings and techniques into 
practice if he is properly to 
function. The discovery of 1 
terials, new data and new pr 
forcing architecture and engin 
change. New methods and t¢ 
and changing subject-matter are 
the members of the teaching pr 
to refurnish themselves ever 
The changes in religion and the 
conception of the function of t] 
are forcing the clergy to read 
selves. Every department of 
and business is changing in 
ways. The individual member 
profession or calling must be al 
ble in his attitudes, eager for 
truth and method, and he must | 
inventiveness and ingenuity t 
into practice. 


VIII 


Finally there is great confusion 
regarding the rightness and wro) 
of individual acts. The present « 
generation especially has a difficult 
lem on its hands. It is seeking s 
and validity for its conduct. T 
sons for the confusion are nu 
There is so much dishonest but 
porarily successful behavior. So 
of the ‘‘best’’ people are hypocrit 
much business is exploitation; so 
statesmen vote dry and drink 
much patriotism turns out to be 
tortion, and the sacred rights of 
perty are invariably placed befor 
sacred rights of man. It is no wv 
that the prevailing ethical maxim s 
be, ‘‘It’s all right if you can get 
with it.’’ 

At the same time science has 


away the supernatural bases of 


morality. It demonstrates, for exa 


} 


that any given ethical code is onl) 


of a number practiced and maint 
with equal success, and that two 


y 
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ies may be diametrically opposed in 
Publie opinion, an- 
ethical 
almost 


tant aspects. 


lé 


er element in giving codes 


and sanction, has disap- 
ied as far as private behavior is 
erned. When it does operate it is 
k and confused. 

lly, the 


h ethies presides as regulator are 


social situations over 
continually and along funda- 
Old rules become inade- 


tal lines. 
ate and ethical 
tally be scrapped lest they become an 


elements must ¢con- 


ibus. 


And yet we do hav 
and we must have ord: 
and future generatio 
most rapid, far-reaching an 
intelligent orientati 


a continually altering social 
We must be 
examination of 


ates “ee 
willing to make a care! 
facts and ri 


quirements 


We 


with respect to social relationships. 


need the knowledge. imaginat 


logie to and 
We must be sane and calm and retust 


see for ‘See SOC] | 


come to any but justifiabl 
We must have the 


research spirit 


IDEAS OF ORIGIN AMONG THE ANCIENT 
EGYPTIANS AND BABYLONIANS 


By GEORGE J. DUDYCHA 


RIPON 


Ir has almost become traditional, 
when dealing witn any phase of thought, 
to begin with a consideration of Greek 
leas. The history of psychology begins 
with Plato; biologists refer to Aristotle, 
ind sociologists to Plato’s **Republic’”’; 
he history of Western philosophy al- 


Al- 


though we may readily admit that the 


nost invariably begins with Thales. 


Greeks are our progenitors in thought— 
ir philosophical forefathers too 
ften fail to recognize the thought which 
intedated that of the Greeks. We turn 
) Thales as though he were the Adam 
f all thought and neglect the equally 
profound ideas of the more ancient peo- 
ples of Egypt, India, China and Baby- 


we 


lonia. 

Osborn,’ Fasten,? the present writer® 
have with the 
Greek, Thales, in their accounts of the 
history of the idea of development. Per- 

10Osborn, ‘‘From the Greeks to 
Seribners, New York, 1929. 

?Fasten, ‘‘Origin through 
Knopf, New York, 1929. 

Dudycha, ‘‘What is Evolution?’’ Scren- 
TIFIC MONTHLY, 29: 317-332, October, 1929. 


and others all] begun 


Darwin,’’ 


Evolution, ’’ 


, 


COLLEGE 


haps this has led to the misconception 
that 
origin any farther back than 
the Gree] 


we are unable to wrace ideas of 
the sixt!] 


S were 
ing the be 


thoughtful 


eentury B.C., and that 
the first to speculate concer 
ginning of things. If the 
reflect a moment, he 
realize that customary 
starting-point—Greek tl 
convenient than | 
will be anxious to inquire concer 
the ideas found in more ancient sources 
Although the Greeks made contributions 


to philosophy of inestimable value 


reader will will 
probably our 
ought—-is more 
wical, and hence he 


ing 


do not know to what extent their 

were influenced by those of more ancient 
Hence let us take another step 
into the remote past, beyond the thought 
of the 
origin we can find among the ancl 


peoples. 


Greeks, and see what ideas 
Egyptians and Babylonians 

When we turn to the ancient source 
of the Egyptian and Babylonian idea 
eoncerning the origin of things we e1 
counter many difficulties. In the first 
place, the ideas can not be ascribed to 


1 


particular thinkers, as in the case of the 
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Greeks, for the tablets and papyri are in 
many cases unsigned, and if they are 
signed, the signature is not that of the 
author of the ideas but of the copyist or 
of the priest who authorized the copy- 
ing. Also the sources are for the most 
part fragmentary and thus complete ac- 
counts of the ideas of origin are impos- 
sible. Since the texts available to schol- 


ars are in many cases corrupt because of 


the numerous times they have been copied 
by careless scribes, it is extremely dif- 
ficult to interpret certain passages and 
to ascertain the original ideas. Some of 
the ancient legends date back to the see- 
ond, third and possibly fourth millen- 
nium B.C. Since they had been per- 
petuated orally through innumerable 
generations before being recorded, they 
were developed into a number of ver- 
sions, which makes interpretation very 
difficult. In some eases the scribes them- 
selves did not understand the texts 
which they copied and hence modified 
them to suit their own fancies by omit- 
ting some ideas, by adding others or by 
combining a number of legends or frag- 
ments of legends to form a more or less 
incoherent story. Fortunately, in spite 
of these difficulties, tablets and papyri 
have been unearthed which bear well- 
preserved records of ancient ideas of 
origin which apparently date back to 
the early dynasties of Egypt and to the 
ancient Sumerians who preceded the 
Semites in Babylonia. It is to these 
primeval records that we shall now turn 
for a knowledge of the early Egyptian 
and Babylonian ideas of origin. 

In the British Museum may be found 
the remarkable ‘‘Legend of the Cre- 
ation,’’ a well-written papyrus acquired 
by A. H. Rhind in 1861 or 1862. This 
papyrus, which was discovered in the 
famous hiding-place of the royal mum- 
mies at Dér-al-Bahari, bears the date, 
the ‘‘first day of the fourth month of 
the twelfth year of Pharoah Alexander, 
the son of Alexander,’’ or 311 B.C. We 


must bear in mind, however, tl 
Nes-Menu papyrus is not the 
count of the legend but a copy, and t 
scholars feel quite certain tl] 
legend itself dates back to sever 


lennia B.C. Thus the discovery of 


papyrus was a particularly fort 
one, for we now have a source 
bears ideas of origin which ant 
those of the Greeks. Dr. Budge 
first volume of ‘‘ Egyptian Literat 
gives us the legend of the creat 
hieroglyphic type and also a pa 
page translation. This Nes 
papyrus bears two accounts of t! 
ation which are alike except for s 
details and for a few additions t 
second account which were appar 
made by the copyist. The first a 
of the history of creation is as fo 


THE Book oF KNOWING THE EVOLUTI 
Ra, AND OF OVERTHROWING APEP 
[These are] the words which the god 
er-tcher spake after he had come into | 
‘*T am he who came into being in the f 
the god Khepera, and I am the creator 
which came into being, that is to say, I a 
creator of everything which came inti 
now the things which I created, and 
came forth out of my mouth after that 
come into being myself were exceeding): 
The sky [or heaven] had not come into | 
the earth did not exist, and the children 
earth and the creeping things had n 
made at that time. I myself raised t 
from out of Nu, from a state of helpless 
ness. I found no place whereon I could st 
I worked a charm upon my own heart [or 
I laid the foundation [of things] by Maat 
I made everything which had form. | 
[then] one by myself, for I had not 
from myself the god Shu, and I had 1 
out from myself the goddess Tefnut; and t 
existed no other who could work with 
laid the foundations [of things] in my 
heart, and there came into being multitude 
created things, which came into being fri 
created things which were born from th: 
ated things which arose from what they br 
forth. I had union with my closed hand, 


4Budge, ‘‘Egyptian Literature,’’ Vo! 
** Legends of the Gods,’’ London: Kegan P 
Trench, Trubner and Co. Ltd., 1912. 
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ed my shadow as a wife, and I poured 
my own mouth, and I sent forth from 
in the form of the gods Shu and 
Nu: My Eye was 
Shu and Tefnut], 


sue 
Saith father 
red up behind them [i.e., 

er two hen periods had passe d from the 
when they departed from me, from being 

i I became three gods, and I came into 

n the earth. Then Shu and Tefnut re 
out of the watery mass 
n they were, and they brought to me my 
Now after these things I 


my 


inert 


i from 


e., the Sun]. 


red together my members, and I wept 
r them, and men and women sprang into 
r from the tears which came forth from 


And when my Eye came to me, and 


nd that I had made another [Eye] in place 
it was [i.e., the Moon], it was wroth with 
raged at] me, whereupon I endowed it 


with [some of] the splen 


. the second Eye | 
[Eye], and 


r which I had made for the first 


de it to occupy its place in my Face, and 
forth it ruled throughout all this earth. 
n there fell on them their moment through 
int-like clouds, I restored what had been 


en away from them, and I appeared from 
of the plant-like clouds. I created creep 


g things of every kind, and every thing which 


into being from them. Shu and Tefnut 
ght forth [Seb and] Nut; and Seb and 
Nut brought forth Osiris and Heru-khent-an- 


and Set and Isis and Nephthys at one 
rth, one after the other, and they produced 
r multitudinous offspring in this earth.’’® 


We are not told in this account of the 
reation where and how Neb-er-tcher 
came into being; but, as Budge says, ‘‘It 
seems as if he was believed to have been 
an almighty and invisible power which 
filled all space.’’ This immediately sug- 
Anaximander’s idea of ‘‘the 
boundless’’ as the source of all things. 
Although the Egyptians labeled this 
source-of-all-things and called it a god, 
their fundamental idea, that there is an 
something from 


rests 


indefinable boundless 
which all things issue, is certainly much 


like that of Anaximander. Another 
idea which we find expressed here and 
which was emphasized by the early 


Greeks is that of the unity of the primal 
principle. Neb-er-tcher, who took on the 
form of Khepera, the creator god of the 

5 Budge, ‘* Legends of the Gods,’’ Vol. I, 
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all creation. 

The next significant idea we find em 
bodied in the ‘I myself 
raised them up from out of Nu, from a 
Nu, some 


s the great 


statement, 


state of helpless inertness.’’ 
times referred to as Nun, wa 
watery abyss, the primal watery ma 
which was the source 
and 


things organic 
most wide-spread of all,’’ says Stein 


dorff, ‘‘was a belief which perhaps pro 


ceded from the priestly college of Heli 


opolis. According to this there was in 
the beginning a great primordial body 
of water called Nun, which contained 
all male and female germs of life. Out 
of it came the sun, the Ré, as it is called 
in Egyptian. In this water, too, lay 


the earth-god Geb and the heavenly god 
dess, Nut, locked in a close embrace, un- 
til the god of the air, Show, parted them 
from one another and carried the god 
dess of heaven in his arms into the up 
per regions.’’® This concept of Nu, the 
great abyss, symbolized by the ocean, a 
representative of which was the gentle 
Nile, is a most interesting concept which 
First 


i) 


contains two fundamental ideas. 
the idea of water as the primeval su 
stance. This idea we encounter among 
the Greeks. Thales, the Ionian, named 
water as that from which all things 
come, Aristotle iterated the idea 
with reference to all life. Also we note 
that in Nu all things were in ‘‘a state of 
from they 


and 


inertness’’ whiel 


becoming ac 


helpless 
were freed 
course, we must beware of too free spec 


by tual. Of 


ulation concerning the ideas of the 
ancient Egyptians, but we can not 
a reference to Augustine in this connec 
Augustine all things were 


l original 


avoid 


tion. For 
potential in ar 
from which all things came. 


potentiality of forms in the primordial 


seed 


verm or 
It is this 


6 Steindorff, The R gion of ti \ ent 
Egyptians,’’ p. 36, G. P. Putnam’s Sons, New 


1905. 


York, 
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mass which seems to be common to both 
concepts. 
In a cosmogonic fragment from the 
300k of the Dead,’’ we find another 
reference to Nu. 


Furthermore I shall ruin all that I have made. 

This earth will appear [?] as an abyss, 

In [or as] a flood as in its primeval condition. 

I am the one remaining from it together with 
Osiris. 

My forming is [then] made to me among other 
[?] serpents 

Which men never knew, 

Which the gods never saw.? 


Here another aspect of Nu is empha- 
sized. Not only is Nu the source of all 
things, but the end as well—that from 
which all things come and that to which 
all things return. Here, again, is 
Anaximander’s idea. 

Again we read in our text, ‘‘I laid 
the foundation [of things] by Maat.’’ 
The goddess Maat, who assisted Khepera 
in the process of creation, is usually re- 
garded as the goddess of law, order and 
truth. Budge is inclined to believe that 
‘in this particular instance she plays the 
part of Wisdom. Thus, in the thought 
of the Egyptians, we again find a con- 
cept which has been fundamental to all 
concepts of origin and development, 
namely, the concept of law and order. 

The first products of creation, the 
legend tells us, were Shu, the god of air 
and dryness; Tefnut, the goddess of 
liquids or the waters above the heavens; 
Keb, the earth-god, and Nut, the sky- 
Thus first air and clouds ap- 
separated the heavens 
Later the legend speaks 
Khepera’s eye or 


goddess. 
peared which 
from the earth. 
of Neb-er-tcher’s or 
the sun as having some calamity which 
extinguished its light. ‘‘This calam- 
ity,’’ Budge says, ‘‘may have been sim- 
ply the coming of night, or eclipses, or 
storms; but in any case the god made a 
second Eye, 7.e., the Moon, to which he 
‘‘The Mythology of all 


7Gray (Editor), 


Races,’’ Vol. XII, Muller, ‘‘ Egyptian,’’ p. 72, 
Marshall Jones Company, Boston, 1918. 
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gave some of the splendour of the other 
Kye, 1.e., the Sun, and he gave it a place 
in his and henceforth it ruled 
throughout the earth, and had special 
powers in respect of the production of 
trees, plants, vegetables, herbs, etc.’” 
The latter part of the legend is some- 
what confusing, especially with regard 
to the creation of man, with which we 
shall deal presently. 

In the the 
tradition and wisdom of ancient Egypt 
has come down to us in a slightly modi- 
fied Alexandrian form. Although this 
source has been assigned to the fifth or 
possibly sixth century B.C., the ideas 
‘*eo back in an unbroken tradition of 
type and form context to the 
earliest Ptolemaic times.’’ Most of this 
Hermetie or Trismegistie literature has 
been destroyed, but among that which 
has not perished we find ‘*The Vision of 
Hermes,’’®? under the name of Poiman- 
dres, which is in the beginning of the 
books of Hermes Trismegistus. ‘‘The 
Vision of Hermes”’ is the revelation of 
the origin of things by Osiris who in 
later Egyptian thought became associ- 
ated with Nu, the primal mass. Hermes’ 
first request of Osiris was ‘‘to behold the 
of beings.’’ Immediately he 
found himself in a filled with 
smoke. Then a voice, the cry of light, 
rose from the great abyss and a flame 
darted to the ethereal heights. Hermes 
ascended with the flame and observed 
order appear, and that the voice of light 
filled infinity. Hermes did not under- 
stand the meaning of all he and 
hence Osiris explains: 


face, 


Trismegistic ‘*‘ Tractates’’ 


and 


source 


chaos 


saw 


Thou wilt now learn. Thou hast just seen 
what exists from all eternity. The light thou 
didst first see is the divine intelligence which 
contains all things in potentiality,’° enclosing 


the models of all beings. The darkness in 


8 Budge, loc. cit., p. xxi. 

® Hermes was the name given by the Greeks 
to the Egyptian god Thoth or Tehuti, the god 
of wisdom, learning and literature. 


10 Italics are mine. 
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which thou afterwards plunged is the material 
world on which the men of earth live. But the 
fire thou didst behold shooting forth from the 
depths, is the divine Word.1! 


But Hermes desired more knowledge. 
‘*Sinee things are so,’’ said Hermes, 
‘‘erant that I may see the light of the 
world; the path of souls from which 
man comes and to which he returns.’’ 
Thus Hermes found himself in the cen- 
ter of the seven spheres which stretched 
above him, tier upon tier, like seven 
transparent concentric globes. Again 
the great Osiris speaks: 


‘*Look, listen, and understand. Thou seest 
the seven spheres of all life. Through them is 
accomplished the fall and ascent of souls. The 
seven genii are the seven rays of the world- 
light. Each of them commands one sphere of 
the spirit, one phase of the life of souls... . 

**Dost thou see,’’ said Osiris, ‘‘a luminous 
seed fall from the regions of the milky way 
into the seventh sphere? These are germs of 
souls. They live like faint vapors in the re- 
gion of Saturn, gay and free from care, know- 
ing not their own happiness. On falling from 
sphere to sphere, however, they put on increas- 
ingly heavier envelopes. In each incarnation 
they acquire a new corporeal sense, in harmony 
with the surroundings in which they are living. 
Their vital energy increases, but in proportion 
as they enter into denser bodies they lose the 
memory of their celestial origin. Thus is 
effected the fall of souls which come from the 
divine ether. Ever more nd more captivated 
by matter and intoxicated by life, they fling 
themselves like a rain of fire, with quiverings 
of voluptuous delight, through the regions of 
grief, love, and death, right into their earthly 
prison where thou thyself lamentest, held down 
by the fiery center of the earth, and an empty 
dream. ... Do you see this swarm of souls 
trying to mount once more to the lunar re 
gions? Some are beaten back to earth like 
eddies of birds beneath the might of the 
tempest. The rest with mighty wings reach 
the upper sphere, which draws them with it as 
it rotates. Once they have come to this sphere, 
they recover their vision of divine things. This 
time, however, they are not content to reflect 
them in the dream of a powerless happiness; 
they become impregnated thereby with the 
lucidity of a grief-enlightened consciousness, 


11 Brown, ‘‘The Wisdom of the Egyptians,’’ 
p. 264, Brentano’s, New York, 1923. 


the energy of a will acquired through struggle 
and strife. They become luminous, for they 


possess the divine in themselves and radiate it 


I 
in their acts.’’ 


In ‘‘The Vision of Hermes’’ there are 
at least two thoughts which we must 
note, first, the potentiality of all things 
in divine intelligence, and second, the 
descent of the souls through seven 
stages. Here we note, then, an evolu- 
tionary—unfolding—process, and = an 
epigenetic—building-up—process. The 
two processes, however, are not incom- 
patible, for the souls, although passing 
through an epigenetic process towards 
materiality, are the unfoldment of that 
which is in divine intelligence. ‘‘One 
only soul, the great soul of the All, by 
dividing itself out, has given birth to 
all the souls that struggle throughout 
the universe.’’ Thus, here again, we 
have the ideas of unity of origin and 
process of development expressed. 

The descent of the souls, told in ‘‘The 
Vision of Hermes,’’ is one account of 
the creation of man. In the ‘‘ Legend of 
the Creation’’ we found two other and 
somewhat incompatible ideas of the 
origin of man. The first was that Neb- 
er-tcher wept, ‘‘and men and women 
sprang into being from the tears which 
In the other 
version, the gods gave birth and “‘ pro- 
duced their multitudinous offspring in 
this earth.’’ According to the second 
notion, men are mortal gods. This lack 


came forth from my eye.”’ 


of harmony which we find with regard 
to the origin of man is probably due to 
the fact that these conflicting legends 
appealed to the scribes who desired to 
perpetuate them in spite of their lack of 
unity. Then again, it has been observed 
that the very lack of unity in the 
‘‘Legend of the Creation’’ made it a 
more potent charm against Apep and his 
fiends. 

Now that we have an idea of the 
Egyptian notions of origin, let us turn 


12 Brown. loc. cit.. pp 266, 267-8, 26! 
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to the ancient Sumerians and the Se- 
mitic Babylonians who succeeded them. 


At Nippur, tablets, inscribed at the close 


of the third millennium B.C., have been 
found which bear Sumerian and Semitic 
accounts of creation. Although the 
available text was inscribed before 2100 
B.C., the original composition dates 
back to a much earlier time, and thus 
ve are again able to examine ancient 
ideas of origin. 

It is interesting to note that the an- 
cient Sumerians, as the Egyptians, He- 
brews and Greeks, assumed that water is 
the source of all things. King renders a 
fragment of a poem which deals with 
creation as follows: 


When the height heaven was not named, 

And the earth beneath did not bear a name, 
And the primaeval Apsi who begat them,}% 
And Mummu, and Tiamat who bore them!3 
all— 


Their waters were mingled together, 


Then were created the gods in the midst of 
[their waters], 
Lakhmu = and 


being. c- 


Lakhamu were called into 
He goes on to say that the text gives 
two actual causes of creation, the one an 
impersonal cause and the other the ac- 
In the following extract 
before creation all the 
world Here, however, the 
primeval water is not personified and 
the 


tion of a god. 
that 
was a 


we note 
sea. 
source of all 


hence impersonal 


things. 


No city had been created, no creature had been 
made, 

Nippur had not been created, Ekur had not 
been built, 
Erech had not been 
been built, 

Apsii had not been created, Eridu had not been 

built, 
Of the holy house, the house of the gods, the 
had not 
All lands were sea. 


created, Eanna had not 


habitation been created. 


13 J.e., the gods. 


14 King, ‘‘ Legends of Babylon and Egypt in 
Relation to 
don, 1918. 


Hebrew Tradition,’’ p. 122, Lon 
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At the time when a channel [was formed] in 
the midst of the sea, 

Then Eridu 
ete.15 


was created, Esagila was built, 

A different picture of beginnings is 
given in another Sumerian myth which 
was discovered on a tablet from Nippur. 
Although in this myth water is consid- 
ered as the source of all life, the exis- 
land is presupposed 


tence of land 


which is bare and desolate. King says: 
‘‘The underlying idea is suggestive of a 
period when some progress in systematic 
irrigation had already been made, and 
the filling of the dry canals and subse- 
quent irrigation of the parched ground 
by the rising flood of Enki was not 
dreaded but eagerly desired.’” Here 
As water revives 
must 


we have an analogy. 
water 


, 


vegetation, so have been 


essential or the cause of the first appear- 
ance of life. 

As the Egyptians regarded the Nile 
as a representative of Nu, so the Baby- 
lonians attributed creative powers to the 
Euphrates. This is indicated by the fol- 
lowing lines from a Semitic incantation: 


O thou River, who didst create all things, 

When the great gods dug thee out, 

They set prosperity upen thy banks. 

Within thee Ea, King of the Deep, created his 
dwelling. 

The Flood they sent not before thou wert!17 


Yet another idea is to be noted in the 
Semitic-Babylonian version of the cre- 
ation of the world. Creation for the 
Semites was the result of a conflict in 
which order emerged out of chaos be- 
cause of the personal triumph of the 
creator. This dualism does not seem to 
be present in the more primitive Su- 
merian ideas. This idea of conflict we 


have encountered before. Emped cles 
posited two world forces, love and hate, 
which were in conflict, and the triumph 
of love over hate was the cause of or- 
ganic evolution. 

t.. p. 124. 


16 King, loc. cit., p. 125. 


King, loc. ¢ 


17 King, loc 
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examined in detail the 
ancient 


Since we have 
ideas of origin found among the 
Egyptians and Babylonians, let us now 
briefly survey the main ideas which we 
found. Although the references to the 
creation are by no 
Egyptian literature, because the Egyp- 
which almost amounted 
future life 


means numerous in 


tians’ interest, 
to an 
rather than in the past, we fortunately 
have the invaluable Nes-Menu papyrus 

the ‘‘ Legend of the Creation.’’ In spite 
of the fact that this ancient legend was 
appropriated to Egyptian theology by 
the priests, we have found in it funda- 


common to 


obsession, was in a 


are 
Especially did 


mental ideas which 
other cosmogoniec views. 
we note striking likenesses to Greek 
thought. 

Neb-er-tcher, the invisible 
which filled all space and which was the 
primal source of all creation, suggests at 


Anaximander 


pow er 


onee ‘‘the boundless’’ of 
and the monisms urged by a whole host 
of thinkers. Nu, the great watery abyss, 
again suggests the Greeks who early per- 
ceived how indispensable is water to 
life. But Nu has a further significance: 
in it all things are potential and to it 
all things return. These ideas were ex- 
pressed by Augustine and by Anaxi- 


mander. <As in Western thought. law 
layed a part in the Egyp- 


and order p 
f ereation. In ‘*The Vision 


tian idea of 


of Hermes,’’ we noted a number of sig 
nificant ideas: the ery of light was sym- 
bolized as a flame—the primacy of fire 
the potentiality of all thir in divine 


ite epigenetic proce 


intelligence ; the defin 
ess through which the souls pass on their 
way towards materiality 

When we turned to the Sumites and 
found that they too recog 
nized water as the primal source of all 
creation. In the Sumite 


idea, the sea is an impersonal force 


Semites we 
cosmogonic 
not 
personified as by the Egyptians. The 
idea of conflict and subsequent triumph 
of the creator, reminds us of 
Empedocles, is an idea not found among 
the but 

nated by the Semitic-Babylonians 
reiterate 


which 


Sumerians apparently origi 


Thus in closing we must 
The Greeks 


late concerning the origin of things, for 


the first to 


were not specu 
we find among the Egyptians and Baby- 
mor 


lonians cosmogonie ideas of far 
ancient origin, which, when divested of 
their theological implications and deit 
names, are not so far different in nature 
and significance from those of more r 


cent and of Western thought. 
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THe words ‘‘cold light’’ seem at first 
sight to state a paradox. 
associated are light and heat in all our 
experience that the two would seem in- 
separable. The sun is not only the 
brightest but also the hottest object in 
our immediate neighborhood. 
Practically every illuminant in 
to-day is patterned after the sun and 
The attempt is made to heat an 
incandescent filament to the highest 
temperature possible. We can not at- 
tain the temperature of the sun, five or 
six thousand degrees, but we do attain 
two fifths the temperature of the sun and 
a brightness sufficient to convert our 
principal thoroughfares into great white 
ways. No artificial lamp is known but 
that gives off ample heat to be felt by 
the hand. It is all ‘‘hot light.’’ The 
heat is not only a drawback; it is an 
actual waste, a that it 
represents about 98 per cent. of the total 
We use a 50 horse-power en- 


So closely 


use 


stars. 


waste so great 


energy. 
gine to run the dynamo that lights a few 
bulbs, when 1 horse-power might do the 
same thing if we knew the secret of the 
process. Modern bulbs 
are already many times more efficient 
than those first constructed, but we are 
apparently approaching the limit. How 
can we improve the efficiency of our 


incandescent 


light-producing processes still further? 
I think we must turn to a type of light 
which, as we say, radiates very selec- 
tively, 7.e., it gives off mostly radiant 
wave-lengths which affect our eye and 
very few of those which have great heat- 


ing power but which are invisible. Such 


270 


cold 


luminescenees, and contrast 


lights or 
them with 


lights we speak of as 


hot lights or incandescences. 
Luminescences are by no means un- 

usual. 

Two lumps of sugar rubbed together in 


They are in fact quite common. 


a perfectly dark room will give off a 


faint light. We eall it tribo-lumines- 
cence. Tire tape or surgeon’s tape 
gives a greenish glow when stripped 
from the roll. Common salt can be 
made to luminesce when it crystallizes 
rapidly. These lights are very faint, 


and indeed that is characteristic of lu- 
mineseence in but it is not 
always a serious drawback for practical 


general, 
purposes. The radium paint used on 
watch dials is a luminescence, a radio- 
luminescence, and yet has a very useful 
role to play. In fact the modern trend 
in lighting is that of indirect illumina- 
A very bright light is fatiguing, 
We spread our bright 


tion. 
indeed obnoxious. 
light over a large area by shades or re- 
the 
the 


glare, re- 
‘intrinsic 
lumi- 
prac- 


avoid 
called 
light. 
enough for 
the eolor is bad. 


and thus 
ducing what is 
brillianey’’ of the 
neseeneces are bright 
tical illumination but 
I refer to neon lamps, so widely used as 
They are true 


flectors 


Some 


signs and in advertising. 
luminescences and among the most effi- 
cient types of commercial lamps but 
they still leave a great deal to be de- 
sired as a general illuminant. 

Perhaps the most promising field for 
study is that of chemi-luminescences, 
the accompany 


chemieal reactions. 


lumineseenees which 


These appear dur- 
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ing chemical change, chiefly during oxi- 
dation, and can be studied in test-tubes. 
A number of organic compounds in 
water solution can be made to produce 
quite a bright light with only a few 
thousandths of a degree rise in tempera- 
ture. This is the method of producing 
light adopted by the firefly and other 
luminous animals. The layman does 
not realize how many creatures have this 
power. Many of them live in the depths 
of the sea or under rocks and stones. 
Some microscopic forms develop under 
favorable conditions at the surface of 
the sea in enormous numbers, giving rise 
to the phosphorescence, so well known 
to ocean voyagers. Others develop in 
decaying wood, producing the fox-fire of 
forests. Even some bacteria are lumi- 
nous, causing the glow of dead fish or 
meat in refrigerators. 

All emit a light which is a lumines- 
cence, a bio-luminescence, and which re- 
sults from the oxidation of a compound 
manufactured in their tissues and called 
luciferin. Its exact composition is not 
known but we have considerable knowl- 
edge about it, and I believe the synthesis 
of luciferin is merely a matter of time. 
Let us inquire somewhat more closely 
into the luminescence of this compound 
and the light of living things in general. 

It should be clearly understood at the 
start that animal light—cold light—is 
no different in its physical make-up from 
any other kind of light. Animal light 
ean be reflected and refracted and polar- 
ized, will affect a photographic plate, 
and is stopped by materials capable of 
stopping similar wave-lengths from any 
other source. Such a light would do 
perfectly well as a practical illuminant. 
The light of some luminous animals has 
an intrinsic brillianey sufficiently high 
for general illumination. It has been 
calculated that an area of firefly light 6 
feet in diameter on the ceiling of a room 
9 feet high would give ample illumina- 


tion for reading or drawing on a table 3 
feet high. 

Not all luminous animals are as bright 
as the firefly. Many produce only a dif- 
fuse glow from irregular areas or from 
the whole surface of the body, and some 
pour out a luminous substance leaving 
a trail of light behind them as they 
swim, while others have the light-pro- 
ducing cells concentrated into a definite 
organ. In some cases this light organ 
is provided with reflectors for directing 
and a lens for coneentrating the beam, 
as well as opaque sereens to protect the 
tissues of the animal from its own light 
and a mechanism for turning the light 
off and on. In a few forms are color 
screens for regulating the quality of the 
light. A veritable lantern is formed 
which we may suppose to be of some im 
portant use to its possessor. 

What goes on in the cells of those ani 
mals which can produce light? They 
are the test-tubes of the living organism. 
I have said that a compound, luciferin, 
is oxidixed or burned, a process similar 
to that which takes place in a burning 
eandle. This oxidation occurs in the 
presence of another compound, lucif- 
erase, an enzyme or catalyst. In this 
respect it differs from a burning candle 
Now a catalyst is a substance which 
takes no permanent part in a chemical 
reaction, but by its mere presence 
causes the reaction to proceed. It has 
been called a ‘‘good mixer’’ or a ‘‘chem 
ical parson,”’ because it causes sub 
stances to become acquainted and unite 
Its effect has been compared to that of 
oil on a rusty machine, and catalysts are 
becoming of more and more importance 
in the chemical industries 

During the oxidation of luciferin, the 
luciferase molecules pick up some of the 
energy of oxidation and are ‘‘excited,’’ 
as we say, to emit light, when they re 
turn to their normal condition They 


are then ready to repeat the cycle again 





THE 


All this happens in a time interval mea- 
fractions of a millionth of a 
The average of all the minute 
amounts of light emitted by all the 
luciferase molecules give us the firefly’s 


sured in 


second 


light as it appears to our eye. 

There still remains the question of 
what happens to the luciferin after it 
has been oxidized or burned. For many 


years those who thought at all about 
luminous animals supposed that the 
luciferin oxidized with formation of 
carbon dioxide and water, the same 


products as appear when a candle burns. 
This is not the case, and in this fact lies 
the secret of the small energy change 
occurring during its oxidation. Lueif- 
erin does not oxidize to CO, and H.O, 
but to a substance I have ealled oxy- 
luciferin. 

The important point is that by simple 
methods oxyluciferin can be easily re- 
duced to luciferin. Reduction is the op- 
oxidation. The reformed 
luciferin can be again oxidized with 
luminescence. Not only is the luciferase 
able to pick up energy from oxidizing 
luciferin again and again but the lucif- 
erin is capable of alternate oxidation 
and reduction in a continuous eycle. 
Why not allow the two processes to pro- 
ceed side by side in the same vessel and 
obtain a continuous light? Reduce the 
luciferin as fast as it is oxidized, and 


posite of 


use it over and over again. 

This would be comparable to burning 
a candle, and then by some means re- 
combining the oxidation products of the 
candle, the water and carbon dioxide, to 
tallow again. Our present way to re- 
form a tallow candle is to let sunlight 
fall upon the leaves of the green plants, 
when CO, and H,O will be recombined 
with absorption of the energy of sun- 
light, and starch, a compound rich in 


built up. Then some 


will be 


energy, 
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animal must eat the starchy food and 
convert it into tallow, which is again in 
a position to be burned with liberation 
of energy, some of which goes into the 
light of the candle. 

What is impossible in the case of the 
tallow is quite possible in the case of 
luciferin. By simultaneous reduction 
of oxyluciferin and oxidation of lucif- 
erin, a continuous light can be produced 
—not a very bright light, to be sure, but 
one which demonstrates the principle, 
and the principle is the important thing. 

And what an economical process this 
is! Here you have an animal that makes 
its fuel and burns it and produces light, 
practically pure visible light, for it is 
not contaminatec with those unbidden 
rays we can not see; and then it takes 
the combustion product and reconverts 
it into fuel again, and the fuel is ready 
The firefly 

And all 
this by a process which is in no sense a 
mystery. The chemist calls it a re- 
versible reaction, and if you should ask 
him rather rare 
thing, ** All 
chemical reactions are reversible, but to 


to be burned a second time. 
is able to unburn its candle. 


whether this is not a 


he would probably reply: 


a different degree.’ 

The application of an old principle in 
a new way has solved many a problem. 
It is perhaps too soon to predict what 
may be the commercial future of cold 
light, but it is worthy of emphasis that 
such a development would be a very de- 
cided step in the right direction. We 
usually find that nature selected 
efficient and economical ways of doing 
things and it is no wonder that the cold 
light of animals has been the goal of the 
illuminating engineer, ever since our ad- 


has 


vancing knowledge reached the point 
where appreciation of the principles of 
light-production was possible. 
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SUN-SPOTS AND RADIO 


By Dr. H. T. STETSON 


ECTOR OF | INS OBS 


SOME radio enthusiasts who have been 
long at the game may sense that of late 
vears long distance reception has not 
been coming in as it did in the early 
days of broadcasting, five or six years 
avo. This is the more significant when 
we consider that the output of the 
broadcasting stations has been increased 
immensely and that great improvement 
has been made in receiving sets over this 
Interval! 

Studies during the last few years In 
dicate that there are cosmic causes at 
work which may profoundly influence 
the electrical state of our atmosphere 
which these radio waves traverse 
Probably the sun is the one astronom) 
cal body most responsible for changes in 
our terrestrial affairs. Every radio fan 
knows that day-time reception is vastly 
poorer than night-time reception in the 
broadcasting zone Ilere is the most 
obvious exhibition of the effect of the 
sun’s rays upon radio. On the other 
hand, both day and night reception vary 
ereatly from time to time for what has 
often seemed to be no rood reason at all 
It is from relatively very recent re 
searches that we have come to believe 
much of the cause for this varying de 
eree of reception is to be found in the 
sun’s atmosphere itself 

When we examine the sun’s surface 
through the telescope, we find that it 


presents a strange mottled or eranular 


appearance In this mottled surface 
there de velop now and then dark 
patches, often growing into huge black 
areas surrounded by a somewhat shaded 
region called the penumbra These 
dark areas are the sun-spots. What 


ever may be ultimately accepted as the 


best explanation of the spots one can 


7 


not go far wrong in picturing a sun-spo 


0 0 0 


phere a ¢yclonie Whirlwind for which 


the most violent tropical 
would be a n leroscople Llustration 

One of the most extraordinary fea 
tures of sun-spots Is the periodicity with 
While the! appear on The se ir suriace 
For nearly a century and a half suffi 
cently accurate records of the appear 
ance or sul Spots have bee rect SO 
that if we plot the degree of spottedness 
ace year by year, we 
discover a periodie rise and fall in the 
stormy condition of the sun’s surtace 
spanning approximately eleven years 
We are now not far from what we eall 
a sun-spot maximum About six years 
ago sun-spots were very searee and, 
When they occasionally appeared, were 
very small and insignificant affairs 


Curiously enough, at the beginning of 


a sun-spot cycle the spots appear on the 
sun’s surface at relatively high lati 
tudes, and as the cycle progresses they 
Increase in size and number and break 
out at successively lower latitudes. on 
the solar sphere, a given © cle of spots 
finally disappearing just a few degrees 
from the solar equator 

The true character ol un-Spots as 
tic Whirts in the solar atmosphere 
first established by Ilal of the 


Mount Wilson Observatory, in 1908. By 


a spec! daptation of the specti Cope 
Hal . to pho ip different 
lavers ! iratn Spl ‘ ib 
lish tl rem ol vol Nn ir to 
thre vii nals hike il ! Ter tik 
of evelon tor) in the eartl m 
phere irthermor by ar zing the 
«| ractel tne s Of ntora atine 
from 1 n-spots, I ile to 
den mst? 1 1 if 1} ‘ ? ter thre 
rit mitted trom tl eentel these 
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electromagnets, and that the doubling 
and tripling of lines in the spectrum it 
the vicinity of sun-spots was due to the 
Inagnetic effect announced by Zeemal 
ry TSO6 

The mention of sun spots Invariably 


raises the question ora possible eonnerc 


Tion between the Spots on the Sin ana 
terrestrial phenomena Some statist 


clans With an insatiable appetite for cor 


relations have atte mpted to connect wit! 


sun-spots almost every evele ino world 
affairs from fluctuations in the New 
York stock market to the fecundity of 
rabbits in northern Canada In the 
popular mind, almost every world catas 
trophe has sooner or later been attrib 
uted to sun-spots, from a Florida hurr! 
cane to the vreat world war, both of 
which, by the way, did culminate around 
a@ SUN-Spot maxXinium 

But seriously there are to the scientist 
certain) well-recognized phenomena = on 
the earth which pass through cycles 
whose correlation with the sun spot evele 
is unmistakable 

kor more than a century and a halt 
records of the numbers of sun spots have 
been kept and afford data for a study of 
their periodicity over a range of about 
fifteen eleven-vear eveles Kor more 
than a century records of the variation 
inthe earth’s magnetism have been mack 
and preserved. The remarkable correla 
tion of sun-spots with magnetic changes 


on the earth is at once apparent whe 


we make a graph of the number of sun 
spots and compare this with a similar 
eraph for changes ol the COMLPass needle 
Simultaneously with the so-called mag 
netic storms, which are wont to sweep 
the earth pon the appearance of great 
sun-spot activity, we witness frequent 
and brilliant displays of the aurora 
borealis 

The auroral leht is due to an elee 


tronie discharge in the upper and highly 


rarefied atmosphere of the earth, and is 


most probably activates 


ticles: of ecTricl l 
Stil V hose ict 1 ! 
Spot evels It SCOTS 


mavnetie Vvortica Wil 
acts as a direct u 
trons escaping Pron 
CONSPICUOUS spot appear 


‘ 


of the solar disk, and 


proximately in line witl 


the SUNOS eenter. there 
worl ehahes ol 
striking the earth's 


CauUusine an loniZation 


the upper atmosphere 


auroral display At the 


Induced earth currents 


earth’s maenetic field, ¢: 
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_ | ! qor'e i} 
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~ particular 
i ‘Tronien 
1 s}) ! nal 
‘ ! eautiol 
\ ) we Ti } 
Sal Lidie rit 
\ cdistort thre 


iusine the small 


Variations in the compass needle so char 


acteristic of a “magne 


While for many genet 


have recognized Thhe rec 
solar activity and the mage 
in the earth, never bef 


period of sun-spot activi 


possible To stualy sO) 
changing deeree of elec 


earth’s atmosphere with 


vroine of the Spots acroSS The sotar clisk 


All this has come about 
ment of the radio 

The same eleetric dist 
alter the earth’s mawnet 


; 


duce the displays ol 


northern lights so chane 


state of our atmosphere 


i ¢ 


Waves are also affects (l 


¢ storn 

‘ations SscLlentists 
irrent « ( Ih 
mnetic chanves 
l Thre present 
tv has it been 
thoronehlv the 


the comine and 
by thre develop 


urbances which 
i¢ field and pro 
the aurorae or 
the electrical 
that the radio 


verv marked 


degree by the coming and going of e 


vivantic solar c\ clones 


| have before mea era 
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number of sun-spots du 
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dition of radio reception 


Atlantic, South Atlantic 
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fornia, tune in on a prescribed wave 
leneth to study the effect of the day *s SO 
lar radiation upon the electrical state of 
the earth’s atmosphere. Not trusting to 
ans personal lmipressions as to Wi ether 
reception is excellent, good, fair or poor, 
an attendant closes the key to the auto 
matic recorder, whose faithful pen with 
an impersonal but almost uncanny intel 
ligence writes a continuous record of the 
intensity of the incoming waves. — It is 
with utter disregard for astronomical or 
electrical theories that it leaves its un 
prejudiced and indelible record of what 
happens for the scientist to analyze 

to the measurement of 


In addition 
radio reception the sun is photographed 
at the Perkins Observatory every clear 
day in cooperation with the Yerkes, 
Mount Wilson, Harvard and Naval Ob 
servatories, and a careful study made of 
the size, numbers and location of the 
sun-spots. It is believed from a_ pre 
liminary study that the distance of the 
spots from the center of the disk, or the 
sun-earth line, is an important factor in 
the study of correlation of sun-spots 
with radio reception and other eleetro 
magnetic phenomena on the earth. 

The radio apparatus recently installed 
and now in daily operation at the Per 
kins Observatory is a super-heterodyne 
receiver especially constructed for the 
purpose and feeding into a self-reeord 
ing galvanometer which registers in 
micro-volts in the antenna the strength 
of the carrier wave received from the 
broadeasting station of WBBM Chicago. 
The apparatus is so designed that the 
modulations of the carrier wave do not 
affect the record appreciably, and the 
results obtained are independent of the 
nature of the program broadeasted 
Realizing the importance of the investi 
gation, the broadeasting station scrupu 
lously maintains a constant energy out 
put in its antenna current, and each 
night before the observers begin work 


the receiving set is carefully calibrated 


by means of a small sending station in 
the laboratory placed in close proximity 
to the receiving set. The output of thi 
local oscillator necessary to maintain 
tT} 


e 


full deflection upon the recorder in 
receiving circuit is then read from tl 

microammeter in the eireuit The con 
stant of the apparatus for the evening 
is thus determined. In this way local 
sources of error both at the broadcasting 
and receiving ends are eliminated and 
the resulting measures of the variab! 
reception from night to night may be 
attributed to the changing electrical 
conditions of the atmosphere throug! 
which the broadcasted wave travels en 
route from Chicago to the receiving 
station. 

Opinions differ as to just what hap 
pens when a broadcasted wave travels 
over the earth Some believe that an 
ether wave is propagated which is re 
flected back to earth from an ionized 
laver of the earth’s atmosphere known 
as the Kennelly-Heaviside layer whic! 
lies some seventy kilometers above th: 
earth’s surface. Others maintain that 
the electrie wave is refracted rather 
than reflected from such a layer. What 
ever the mechanism, the wave appears t 
be turned back by this ionized layer of 
the earth’s atmosphere. Any change in 
the intensity or degree of this ionization 
or electrification of the earth’s upper 
atmosphere would have the effect of 
bending the ray more abruptly or less 
abruptly towards the earth and there 
upon at onee be noticed in the intensity 
of radio reception The more rapid 
ehanges of this sort are doubtless re 
sponsible for the phenomena of fading 
with which every radio fan is thorough, 
familiar According to our theory the 
sun econstant!y bombards the earth’s 
atmosphere with electrons or bundles of 
energy of high frequeney which in turn 
tear apart the positive and negative 
charges of the atmosphe ric molecules, 1 


other words, ionize it to a very eonsid 
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erable extent, thus producing the Ken 
nelly-Heaviside layer. If the sun is 
more active on oecasion, as when large 
spots appear on its surface, the degree 
of lonization increases, producing sub 
of lowering the 


stantially the effect 


Kennelly-Heaviside layer and upsetting 
When the sun is 


avain less active, the atmosphere tends 


the radio reception. 


to return to its normal state of ioniza 
tion and the radio broadeasting recep 
tion tends to improve as the ionized 
laver lifts 

Further study of the data shows a 
definite fourteen- or fifteen-month period 
In solar activity to be exhibited both in 
the matter of sun-spots and in radio re 
ception 

Another important result of the study 
ot the 
completely 


reception curve is to show how 
unfounded is the popular 
impression that radio reception is uni 
versally poor in summer and good in 
winter 


Generally speaking, reception 


should be better in the winter months 
on account of the shortened days and 
decreased daylight. On the other hand, 
the sun-spots and radio curves of 1926 
2s show that the increased solor activits 
actually gave much poorer reception in 
the winter months of both 1926 and 1927 
than during the summer months of the 
same vears. Conditions again improved 
in 1928, but reception again became poor 
in the fall and winter of 1929. It may 
be mentioned that the high degree of 
static due to thunder-storms in the sum 
mer months results in the facet that the 
average radio listener will decrease the 
SeNSITIVITS of his set in summer to lessen 
these disturbances with the necessary 
accompaniment of low audible intensity 
of distant stations Ilence the general 


Impression of a low Intensity accom 
panyving warm weather temperature 
The rise in sun-spot numbers in the 
fall of 1929 corroborated to a remark 
able degree the evidence T ventured at 


the New York meeting of the American 


Association for the Advancement of Nei 


ence in 1928, that the period of maxi 


mum for the 


had not been passed orecastine ¢ 
the basis ol the fifteen mont evele 
which had worked so effectively during 


the last few years, the vear 1930 should 


show a general deerease in 
numbers as the vear waxes, with a cor 
responding Increase 1h rad. sina 
streneth in the broadeast zone 
very em. of 1930 and the beginning o 


1931, the 


sun-spot maximum may be 


1931. however. it is believed we shall b 


so far from the maximum of the eleven 
mia! 


vear period that the secondary 
mum period will have no suel 
effect 
electromagnetic 
sun-spot maxima of 192s Zu The gen 
] 


present eleven-vear evel 


phenomena as have the 


eral liftine of the ionization level in the 


earth’s atmosp! ere may be 
with fluctuations through 1 


*activils 


continue 
next six vears, but in 1954 solat 
should be as quiescent as a 
minimum in 1925 

Perhaps the most remat kab 
our correlation study has been the di 
covery that radio apparatus has become 


} 
stir ol soln 


an effective tool in the 


radiation Furthermore, since meteoro 
lomical changes are cor latable wit 
chanees in radio re ‘eption, it is but far 
to speci: that a new method has beet 
evolved which may ultimate lead 1 
Important corre lation betwee! In-Spot 
and the weather To this e1 ! iw 
will he continued in these elo ‘ t 
lines at the Perkins Observation 

In conelusion, it mia bye (| that ! 
vestigations in radio transn ! ti 
rethe! Ith researches i bene , 
the earth Ss mawnetisn pri etricit 
and the ultra Het radiatiol thre it 
mav vet pl to furnisi } 7 t def 
nite data as 1 i} sil ’ 
itself 
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THE 
fields of anthropology: physical anthro- 
pology and anthropometry; linguistics ; 
and cultural anthropology. Archeology 
is the only branch of anthropology to 
which he has not made major personal 
contributions. In his work in physical 
anthropology he has constantly called at- 
tention to the necessity of investigations 
into the rates and processes of physica! 
change so that we may know something 
of the 


ments under various hereditary and en 


behavior of physical measure- 
vironmental conditions, information that 
is necessary before we can intelligently 
use physical statistics as a basis for the 
classification of human groups. In lin- 
guistics he has set a high standard for 
the recording of primitive languages 
and for the analysis of their grammat 
ical forms, and has interested himself in 
the processes of linguistic development 
and in the use of this material in his 
reconstruction. In cultural an- 


he has emphasized the im- 


torical 
thropology 
portance of a twofold approach, the one 
aiming at the most complete and fully 
interrelated study of the different as- 
pects of the cultural life of any peoples, 
and the other aiming to place this cul- 
ture and the different aspeets of it in 
its broad setting as one loeal variant of 
The latter 


of these emphases has led to his interest 


much wider distributions. 


in historical reconstruction of those 


parts of the world without written ree 
insistence 


and the former to his 


on the great role played by the forms of 


ore ls. 


institutional life in the psychology of 
any peoples, and his understanding of 
the possible equal value of very diver- 
gent cultural forms. 

It is seldom that one man has been so 
largely responsible for the history of a 
scientific discipline as Dr. Boas of an 
American 


thropology. Almost every 

anthropologist has been a student of 
Boas, and his work in all fields of an 
thropology has made him a leader in 


fact as well as in name 
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The honors that he has received have 
been in keeping with his achievements. 
The degree of LL.D. was conferred upon 
University and Clark 


him by Oxford 


University, the degree of Se.D by ()x- 
ford University and Columbia Univer- 
Ph.D. by the 
University of Graz. Ile 
National 


Ile was president oft 


sity and the honorary 


was made a 
member of the Academy of 
Sciences in 1900. 
the American Anthropological Associa 
tion from 1907 to 1909, of the New 
York Academy of Sciences in 1910, of 


the XXIII 


Amerieanists in 


International Congress of 
1928. 

kor vears he has held offices which in 
volve incessant labor, not only of or 
vanization and administration but even 
He was editor and guiding 
the Jesup North Paecifie Ex- 
and of the American 
is editor of the 


Society i oft the 


of financing 
spirit of 
pedition series 
Folk-Lore Society IIe 
American Ethnological 


Columbia University Contributions to 


Anthropology, and of the International 


Journal of American Linguistics, to men- 


tion only a few. 

He submitted plans and secured funds 
from the Carnegie Institution for a con- 
centrated drive to get written records of 
the nearly extinet Indian languages of 
North America 


some twenty-three grammars have been 


In less than five vears 
written under his direction; the work is 
continuing and may soon be extended to 
include Latin Ameriea. 

His bibliography is extensive, but the 


following may be singled out for special 


mention: ‘*‘The Growth of Children,’’ 
1896, 1904; ‘Social Organization and 
Secret Societies of the Kwakiutl,’* 1897; 
‘Changes in Bodily Form of Descen- 
dants of Immigrants,’’ 1911; > ‘* Tsim 
shian Mythology,’’ 1909; **The Mind of 
Primitive Man,’’ 1911; ‘‘Kultur und 
Rasse,’’ 1913; ‘*Primitive Art,’’ 1927; 
‘Anthropology and Modern = Life,”’ 
()) 
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THE WORK OF DR. BURTON E. LIVINGSTON AS PERMANENT SECRETARY 
OF THE AMERICAN ASSOCIATION 


Upon the resignation of Dr. Burton 
EK. Livingston as permanent secretary of 
the American Association for the Ad 


vancement of Science, it Is appropriate 
f the 


that we express our appreciation « 


great contribution he has made to Amer 
ican science during the eleven vears that 
he has devoted to the reorganization ot 
the work of the association, following 
the adoption of the new constitution at 
the St. Louis meeting in December, 1919 

Many excellent features of the work 
of the association are now so familiar to 
us that we are apt to forget that they 
are recent developments, largely devised 
and put into effective operation by Dr 
Livingston. Among these may be men 
tioned the Preliminary Announcement 
and Reports of the Annual Meeting (as 
they appear in special issues of Scrence 
the remarkably interesting general ses 
sions and = non-technical leetures that 
form a conspicuous part of the annual 
meetings, the Annual Science Exhibi 
tion, the Association Press Service, the 
Association Prize, the Secretaries’ Con 
ference, the Academy Conference, the 
General Program with its convenient 
system ol key svmbols, and the method 
now In use for securing fellowship nomi 
nations Although some of these fea 
tures originated earlier in the history of 
the association, their present Torm and 
high degree of excellence are due almost 
entirely to the development that has oe 
curred under the efficient leadership of 
Dr. Livingston 

The most tangible index of the re 
markable development of the American 
Association under Dr Livingston's 
guidance is the extraordinary growth in 
membership that has occurred during 
the last decade The membership has 
grown steadily at an average rate of 
nearly eight hundred new members each 
vear Krom 11,442 in 1920 it has in 
creased to over 19.000 at the present 


time Growth in numbers has been ae 


companied by a less readily evaluated 
but even greater increase in interest dis 
played by members in all aspects of thi 
work of the association The rapidly 
crowing appreciation of the work of the 
association and all that it means to se) 
ence and education in America is shared 
by members of its one hundred and 
twenty-two associated organizations, rep 
resenting all of the mans thousands of 
American scientifie investigators, teach 
ers, and friends of selene 

Dr. Livingston has shown remarkabl 
executive ability in framing the broader 
policies of the association that look to 
the future as well as in handling the nn 
numerabl details of administration 
He brought to his work an unvielding 
earnestness of purpose in) advancing 
what he conceives as a great cooperative 
movement capable of exerting a powel 
ful beneficial influence upon science and 
eivilization. Endowed with sound jude 
ment and rare ability as an executive 
Dr. Livineston has devoted sixteen hours 
a day, during the strenuous period be 
fore and after the annual meetings, t 
his combined duties as permanent seer 
tars of the association and direct 


the Laboratory of Plant Physiology of 


the Johns Hopkins Universit During 
the meetings his lay rare l\ vas finished 
until thr r four o'clock in the mort 
In Witt bine ! ! I 


at nine 


The menibers of The coum 


executive committee, inspired large 1) 
the permanent secretary, have shown 
constantly erowing interest and entl 
slasm In voverning the activities of the 
assoclatior They have cooperated in 


every possible way w ith Dr. Livinestor 


and have depended upon his judgment 


for mat mportant decisions affecting 
the policies of the association The pet 
manent secretal has been helped by i 
small but ex eptionalls efficient staff 

ASSISTahits ! The Washingtor offic 
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fields of anthropology physical anthro 
line@uisties : 


Archeology 


is the only branch of anthropology to 


pology and anthropometry ; 


and cultural anthropology 


which he has not made major personal 


contributions In his work in physical 
anthropology he has constantly called at 
tention to the 


necessity ol investigations 
into the rates and processes of phvsiea! 
change so that we know something 
of the 


ments under various hereditary and en 


may 
behavior of physical measure 
vironmental conditions, information that 
Is necessary before we can intelligently 
use physical statisties as a basis for the 
classification of human groups. In lin 
ruistics he has set a high standard for 


the 
and for the analysis of their grammat 


recording of primitive languages 


ical forms, and has interested himself in 
the processes of lineuistie development 
the 
reconstruction. 


and in use of this material in his 


torical In cultural an 
thropology he has emphasized the im- 
portance of a twofold approach, the one 
aiming at the most complete and fully 
interrelated study of the different as- 
pects of the cultural life of any peoples, 
and the other aiming to place this cul- 
ture and the different aspects of it in 
its broad setting as one loeal variant of 
The latter 


of these emphases has led to his interest 


mueh wider distributions. 


in historical reconstruction of those 
parts of the world without written rec 
and the 


on the great role played by the forms of 


ords, former to his insistence 
institutional life in the psychology of 
any peoples, and his understanding of 
the possible equal value of very diver- 
gent cultural forms. 

It is seldom that one man has been so 
largely responsible for the history of a 
scientifie discipline as Dr. Boas of an- 
Almost American 


thropology. every 


anthropologist has been a student of 
Boas, and his work in all fields of an- 
thropology has made him a leader in 


fact as well as in name. 
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The honors that he has rm 
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The degree of LL.D 


keeping 
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him by Oxford University 
University, the degree of Se.D 
ford University and ¢ 
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member of the National A 
1900 Ile was pl 
the American Anthropologie 
1907 to 1909 


Sciences in 
tion from 
York Academy ot Seveneces 
the XXIII 


Amerieanists in 


International ¢ 
1928 

For vears he has held offic 
volve incessant labor, not 
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Soecet 


spirit of the 
pedition 
Folk-Lore Society 
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He submitted plans and secu 
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ecentrated drive written 1 
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the nearly extinet 


North America 


some twenty-three grammars | 


In less than 
written under his direction; thi 
continuing and may soon be ext: 
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His bibliography is extensiv: 
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menon observable with anv trans wit! te) ‘ 
medium g@aseous, liquid or soli scattel quel 
as fluorescence is exhibited by a altered ve-lenet hie] ? 
d ¢lass of terials only tect ec N 
The simple « merical 1 tionships atom has tl 
have been mentioned as characte! ert Its int 
f the Raman effect. and one other certal aenhnit discret values 
is to be described further on, ar molecule Is capal 
S explained in terms of heht quanta certain “‘energ ( na 
the Known properties of me ecules or Give 1) ) , 
is one of the reasons for rewarding will raise o1 ! ! 
iscovery of the Raman effect as an lar leve ! ppens t 
t of great Importance ; 1 makes an another of 1tS levels 
on to the list of phenomena whiel Thus the photons n 
mveniently interpreted by regard molecules only one or anot 
ght as a corpuscular as well as a characteristic ai nts of ener: 
phenomenon in consequent reet propo! 
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the Raman spectrum Is a spectrum 06 
sharp Lines The Trequenecy displace 
ments in the Raman spectrum should 
correspond to differences between energy 
levels of the molecules; and in cases in 
Which these latter are already known 


this relationship is verified 


sais ‘ 

lhe Raman ines oh The hyper} re 
({UeliCs sidie of the primary ne mav b 
explaines on the general principle that 
proce SSCS Of] the kind mentioned in the 


last paragraph are necessarily revers 
ible lf it 1S possible ror a photon TO 


} 


vive up a part of its energy in raising 
molecule from one level to another, 1 


must be possible also for the molecule in 


passing in the opposite direction to im 
part an equal amount of energy to a 
colliding photon This process is thi 
analogue of what is known in encoun 
ters between electrons and atoms as a 
‘collision of the second kind.’’ The 
presence of high frequency components 
in the Raman spectrum symmetrical 
with the low frequeney components 1s 
due to such eneounters These com 
ponents are weaker than their compan 
ions because at ordinary temperatures 
nearly all of the molecules are in their 
state of lowest energy and are incapable 
therefore of imparting energy 

Thus, the importance of Raman’s dis 
covery is due partly to its revealing a 
previously unknown process in nature, 
partly to the additional basis of reality 
which it affords to the photon, and 
partly to its supplying a new and con 
venient method of investigating the 
energy levels of molecules 

It was remarked earlier on that the 
Raman experiment is a rather simple 
one which might have been made with 
equipment available in any physical 
laboratory at any time in recent decades 
It was no aecident, however, that this 
particular discovery was made by 
Raman rather than by someone else 
Important discoveries in physics, even 
quite simple ones, are usually made only 


by investigators who have cultivated 
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